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Records of ihe Geological Survey of India. [Voi.. LI. 

DISPOSITION LIST. 

1. During the period under report, the officers of the Department 

were employed as follows:— 

Superintendents. 

Mb. £. Vbeoenburo . At headquarters as Palaeontologist through¬ 
out the period. 

Db. L. L. Febmob . At headquarters in charge of office up to 

4th September, 1919. On privilege leave 
from 18th to 27th September. 1919. 
Placed in charge of Bihar and Orissa 
and Central Provinces field-party and left 
headquarters on 2nd November, 1919. 

Db. £. H. Pascoe . Returned to headquarters from Meso¬ 
potamia on 19th May, 1919. At head- 
quaurters for the rest of the period. 
Placed in charge of office from 5th 
September, 1919. 


Assistant Superintendents. 

Db. G. £. PiLOBTM . Returned to headquarters from Persia on 

19th Jamuary, 1919. Proceeded on com- 
foned leave for one yeau from 30th 
April, 1919. 

Mb. G. H. Tippbb . Returned from the field on the 24th 

Mairch, 1919. Granted combined leave 
from the 12th Decemba, 1919. 

Mb. H. Walkeb . Visited Beddaulanol coal-field from 19th 

November to 4th December, 1919, to fix 
boring sites. At headquarters as Curator 
for the rest of the period. ‘ 
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Paet 1.3 General Report for 1919. 

Me. K. a. K. Hallowes Returned from Burma <m 6th April, 1919. 

Granted combined leave for one year 
with effect from 14th July, 1919. 

Mr. 0. DE P. Cotter . Returned from the field on 28th August, 

1919. Deputed to Central Provinces 
and left headquarters on 28th October, 
1919. 

Mr. J. Coogin Brown . Returned from Tavoy on 18th August, 

1919. On deputation with the Im¬ 

perial Mineral Resources Bureau in 
London from 15th September. 1919. 

Mr, H. C. Jones . Returned to headquarters on 10th May, 

1919. From 17th to 25th November, 
1919, engaged in examining dam sites 
in Bilaspur district. Central Provinces, 

and afterwards deputed to investigate the 
iron-ore deposits of Bihar and Orissa. 

Mr. A. M. Heron . Returned from Tavoy on 18th May, 1919. 

Granted privilege leave for six months 
with effect from 24th May, 1919. 

Dr. M. Stuart . . Returned to headquarters on 6th May, 

1919. Attached to Waziristan Field 
Force and left headquarters on 10th 

November, 1919. 

Mr. C. S. Fox . • Returned to headquarters on 17th June. 

1919, after closing down the Jorasimar 
mica mines, Hazaribagh. Deputed to 
carry on an investigation of the 

bauxite deposits of India and left for 
the field on • 4th October, 1919. 

Mb. R. W. Palmer . On military duty and leave. 

b2 
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Mb. S. Sbthu Bama . Returned to headquarters on 4th May, 
Rau. 1919. On privilege leave from 2nd to 

27th September, 1919. Deputed to 
Burma to continue the survey of 
Lower Tenasserim and left headquarters 
on 1st November, 1919. 

Mb. M. Yinatak Rao . Returned to headquarters on 23rd April, 

1919. On privilege leave for 23 days from 
10th May to 2nd June, 1919, and com¬ 
bined leave for two months and four 
days from 25th July to 27th September, 
1919. Deputed to Burma to continue the 
survey of Lower Tena.'<serim and left 
headquarters on 1st November, 1919. 

Chemist. 

De. W. a. K. Chbistie Services placed temporarily at the dis¬ 

posal of the Government of India in 
the Finance Department with effect from 
the 12th April, 1918. 

Arhst. 

Mr. K. F. Watkikson Returned from privilege leave on 24th 

January, 1919. At headquarters for 
the rest of the period. 

Sub-Assistants. 

Babi; Bankim Bihabi Appointed on the 6th September, 1919. 

Gupta. Granted privilege leave for two months 

and 13 days from 11th October, 1919, 

Babu Duroashankab Appointed on the 6th September, 1919. 

Bhattachabji. On privilege leave for seven weeks from 

11th August to 28th September, 1919. 

* Employed at Jubbulpore from 23rd 
October to 6th December, 1919, in 
excavating reptilian fossil remain^, 
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General Report for 1919, 

Assistant Cwrator. 

Babu Babada Charan Appointed on the 6th September, 1919. 
Gupta. At headquarters. 


ADMINISTRATIVE CHANGES. 

2. Messrs. S. Scthu Rama Rau and M. Vinayak Rao, Sub-Assist- 

Promotions and ap- promoted Assistant Superintendents 

pointments. with effect from the 6th September, 1919. 

Babu Bankim Bihari Gupta, Assistant Curator, was appointed 
Sub-Assistant with effect from the 6th September, 1919. 

Babu Durgashankar Bhattacharji, Field Collector, was appointed 
Sub-Assistant with effect from the 6th September, 1919. 

Babu Barada Charan Gupta, Field Collector, was appointed 
Assistant Curator with effect from the 6th September, 1919. 

3. Dr. L. L. Fermor was granted privilege leave from 18th to 

Uavc. September, 1919. 

Dr. G. E. Pilgrim was granted combined leave for one year with 
effect from 30th April, 1919. 

Mr. G. II. Tipjier was granted combined leave for seven months 
and twenty-one days from 12th December, 1919. 

Mr. K. A. K. Hallowes was granted combined leave for one year 
with effect from 14th July, 1919. 

Mr. A. M. Heron was granted privilege leave for six months with 
effect from 24th May, 1919. 

Mr. R. W. Palmer was granted an extension of leave for six 
months on medical certificate with effect from 5th June, 1919. 

Mr. S. Sethu Rama Rau was granted privilege leave from 2nd 
to 27th September, 1919. 

Mr. M. Vinayak Rao was granted privilege leave for 23 days 
from 10th May to 2nd June, 1919, and combined leave for two 
months and four days from 25th July to 27th September, 1919. 

Babu Bankim Bihari Gupta was granted privilege leave for two 
months and thirteen days from 11th October, 1919. 

Babu Durgashankar Bhattacharji was granted privilege leave 
for seven weeks from 11th August, 1919. 
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4. The services of Lt. Colin Campbell attached to the Geological 
Survey were replaced at the disposal of the Army Department 
from the 17th June, 1919. 

STUDENTS. 

5. Babu Harendra Mohan Lahiri, M.Sc., post-graduate scholar, 
continued to carry on research work in the Museum and Laboratory 
up to the end of June, 1919. 


PROFESSORSHIPS AND LECTURERSHIPS. 

6. Mr. E. Vredenburg was Professor of Geology at the Calcutta 
University, and Mr. H. Walker, Lecturer on Geology at the Presi¬ 
dency College, throughout the year. 


LIBRARY. 

7. The additions to the library amounted to 2,493 volumes, of 
which 921 were acquired by purchase and 1,572 by presentation 
and exchange. 


PUBLICATIONS. 

8. During the year, the last part of Volume XLIX and all 
parts of Volume L of Records were published. Five parts of 
Memoirs and two memoirs of Palaontologia Indica were prepared 
for the press. 


MUSEUM AND LABORATORY. 

9. Mr. H. Walker was Curator of the Geological Museum and 

Laboratory throughout the year. The Assistant 
" ’ Curator, Babu Bankim Bihari Gupta, was 

promoted to Sub-Assistant, and his place was taken by Babu Barada 
Charan Gupta, Field Collector. Babu Phanindra Nath Mookerjee, 
Museum Assistant, was promoted to Field Collector. Babu Ram 
Chandra Bhattacharji was appointed Museum Assistant. 

10. The services of Dr. W. A. K. Christie remained at the 
disposal of the Government of India in the 

■ Finance Department throughout the year. 


Cbemlft. 
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11. The number of specimens referred to the Curator for examina¬ 

tion and report was 546. 347 analyses were 

•nd made. The corresponding figures for the pre* 

vious year are 460 and 98. This large increase 
in the amount of analytical work was due to a number of investiga* 
tions undertaken by several officers of the Department. The 
chemical work included analyses of bitumen, trona, chromite, coal, 
copper-ore, graphite, iron-ore, limestone, manganese-ore, oil shale, 
reh, saline waters, sodium carbonate waters, sulphur rock, and tin 
and wolfram concentrates. 

12. One meteorite was received during the year. It fell about 
noon on the Ist May near the village of 
Adhi Kot in the Shahpur district of the 

Punjab. The weight is 4238*8 grammes. 

13. During the year, various specimens and collections of 

OonatloiM to miueunit, ^ocks and minerals were given to— 
etc. 


Meteorite. 


(1) The Forman Christian College, Lahore. 

(2) The Bengal Technical Institute, Calcutta. 

(3) The McMahon Museum, Quetta. 

(4) The Patna Museum. 

(5) Durgapur H. E. School. 

(6) The Royal Ontario Museum, (’anada. 

(7) St. John's College, Agra. 

(8) St. MichaJ's High School, Digha Ghat. 

(9) The Darjeeling High School. 

(10) St. Paurs School, Calcutta. 

In addition, two collections, which had been selected and packed, 
but which, owing to transport difficulties during the w^ar, had not 
been despatched, were sent to their destinations during the period 
under report. They were:— 

(1) A collection of Indian minerals of economic importance; 

to the Sedgwick Museum, Cambridge. 

(2) Pieces of some Indian meteorites; to the Museum d’ His- 

toire Naturelle, Paris. 

14. The following foreign specimens w*ere added to the collec- 

Addition* to the col- *‘0“ dnring the year 
lections. 

(1) Mica from German East Africa; presented by Major C. L. 
Walsh, Controller of Mines. 
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(2) Scheelite from South Island, New Zealand; presented 

by G. F. Thorpe, Esq. 

(3) Wolfram from Queensland; presented by H. 6. Mathews, 

Esq. 

(4) Lead and zinc ores from Broken Hill, Northern Rhodesia; 

by purchase. 

The following Indian specimens were received:— 

(1) Barytes from Kumool district; presented by M. R. Ry. 
P. P. Seshareddy. 

12) Burmite from the Hukong Valley ; presented by R. J. C. 
Swinhoe, Esq. 

(3) Specular hematite from near Mount Popa : presented by 

C. Campbell, Esq. 

(4) Bismuthinite and molybdenite from Tavoy district; pre¬ 

sented by J. M. Campbell, Esq. 

(5) An ingot of best select copper from the Rakha Hills 

mines ; presented by the Superintendent, Cape Copper 
Co., Ltd. 

(6) Velvety pyrolusite on p 3 Tolusite from the Shivrajpur mine, 

Panch Mahals; presented by the Manager. 

(7) Wolfram, scheelite and tungsten products ; presented by 

Messrs. The High Speed Steel Alloys, Ltd. 

(8) Phologopite in hexagonal crystals from Travancore ; pre¬ 

sented by F. Gaston, Esq. 

(9) Bauxite from Jammu province ; presented by C. S. Middle- 

miss, Esq., C.I.E. 

(10) Zircon crystals from Travancore; presented by S. H. 
Harman, Esq. 


PALiCONTOLOQY. 

16. Mr. Vredenburg’s work on the Tertiary fossils of North- 
Western India is still incomplete. He has, however, handed in a 
large amount of descriptiife work, embodying descriptions of over 
150 species belonging to 58 genera of post-Eocene gastropods. These 
descriptions will i^ortly be published. 
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STRATIGRAPHY. 

16. The discovery of fossiliferous rocks in the hills between 

Matiana and the Shali peak to the north of 
Ttrtiary Simla was recorded in the last General Report; 

a subsequent visit to the locality resulted in 
the discovery of nummulitic limestone. The nummulites were 
examined by my colleague, Mr. E. Vredenburg, who, however, was 
unable to determine them completely owing to their poor state of 
preservation. It is hoped that it may be possible to have this area 
surveyed in detail before long, in w^hioh case better specimens may 
perhaps be obtained. This Tertiary outlier is of considerable in¬ 
terest, since its facies is very similar to that of the lower Tertiary of 
Solan. Its relationship to the Shali limestone has not yet been 
worked out, but there appears, superficially, to be a conformable 
sequence downwards from the fossiliferous beds through indurated 
shale into a very hard sandstone, resembling quartzite, w’hich 
overlies the Shali limestone. There is a considerable amount of 
disturbance and occasional inversion, the white sandstone and the 
shaly limestone being sometimes found overlying the Tertiary 
beds. A careful survey on a large scale will be necessary before the 
true stratigraphical conditions can be determined. The matter is one 
of importance, as it may throw light on the age of the Shali and 
other similar limestones. 

17. An examination of the Lameta beds of the Jubbulpore district, 
including a detailed survey of part of Jubbulpore 
Cantonment on the scale of 16 inches to a mile, 

has been made by Dr, C. A. Matley, who has kindly communicated the 
results to this Department. He finds that the formation is separable 
into five zones, and that there is a conformable succession from the 
Jubbulpore Series through the Lametas to the Deccan Trap. A number 
of parallel post-trappoau strike faults afiecting the Lameta beds have 
been detected by him. 

Dr. Matley has also discovered in the Lameta beds of Jubbulpore a 
large number of hitherto unknown remains of dinosaurs. They include 
the right and left scapula* (66 inches long), the right humerus (53 inches 
long), radius, fibula, right ischium, ribs, vertebra?, chevron bones and 
other parts of the groiit sauropod TUanosanrm indicus, Lydekker. 
He has also collected, wdth the assistance of the Geological Survey, the 
greater part of the skeleton of a carnivorous (theropod) dinosaur allied to 
Megalosaurtis. 


LameU beds. 
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ECONOMIC ENQUIRIES. 

Bauxite. 

18* A considerable amount of attention has recently been paid 
to Indian bauxite and schemes have been considered for the manu¬ 
facture of alumina, and even of aluminium, in India. It was, there¬ 
fore, decided to undertake the examination of all known bauxite 
deposits in this country, and to publish a memoir on the subject. 
Mr. C. S. Fox has been entrusted with this work, and it is hoped 
that the greater part of the field-work will be completed by the 
end of the season 1919-20. 


Chromite. 

19. In consequence of the discovery of a new locality for 
chromite near Fort Sandeman in Baluchistan, it was decided to 
resume the survey of the Zhob and neighbouring areas between tliat 
post and Hindubagh. The first discovery of chromite in Zhob was 
made by Mr. E. Vredenburg nearly twenty years ago during the 
course of a reconnaissance made by him and Mr. G. H. Tipper ; since 
then, no opportunity had arisen for the resumption of the system¬ 
atic examination of that part of Baluchistan. On completion of his 
investigation of the sulphur deposits at Sanni in Kelat, Mr. C’otter 
proposed to make a complete survey of the Zhob valley. Unfor¬ 
tunately the outbreak of the Afghan war interrupted his work, 
and he was able to do little more than pay a flying visit to Fort 
Sandeman before he was recalled to Quetta. The Fort Sandeman 
chromite is found at Azghar Tangi, one mile east of Jalat Kalai, 
in a serpentinised peridotite, in the form of a lenticle 15 feet long 
by 7 feet wide; an average sample gave only 37’86 per cent. 

Lumps of ore were also found lying on the surface and embedded in 
travertine at Saragara, IJ mile south of Gadai Khel Kalai village ; 
here also the neighbouring rock is serpentinised peridotite, but no 
chromite was found in situ. An average sample of the lumps collected 
)delded 43*62 per cent. OgOj. These occurrences represent only 
second-grade ores, but, as Mr. Cotter justly points out, they are of 
importance as proving the presence of chrome-bearing basic rocks 
similar to those of Hindubagh and suggesting the possibility of 
further discoveries of chromite. Mr. Cotter was unable to continue 
his work here long enough to enable him to ascertain the extent 
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of the peridotite intrusions, but he found igneous rocks over an 
area 4J miles long by IJ mile wide in the Sanga Ghar range to the east 
of Walla, and he regards it as probable that they cover a considerably 
greater area. 

Coal. 


Burma. 


20. During the progress of the survey of the Tenasserim valley, 
Mr. A.M. Heron took the opportunity of re-visiting 
the Kawmapyin-Theindaw coalfield. He was not 

able to add appreciably to the information already available ; only 
boring will do this. All the samples taken by him indicated 
very poor material, carrying about 30 per cent, of ash, but 
material collected at Kyaukmithwe from a refuse heap, probably 
the results of excavations by earlier explorers, was found to cake 
strongly and to contain only 3*77 per cent, of ash. 

21. At the request of the Madras (Government, Mr. H. Walker 
visited the Beddadanol coalfield in the Godavari 
district and fixed sites for deep borings which 

the Local Government proposes to sink in order to test the field. 


Madras. 


Copper. 

22. In the course of his work at Fort Sandeinan, Mr. Cotter 
examined a supposed copper lode occurring \\ mile E. S. E. o^ 
Saragara. He found a vein of limonite-rnalachite rock in a small 
stream on the footpath to Mandezai Kalai village. The vein occurs in 
serpcntinised jicridotite, and can be traced for about 100 yards. 
The deposit aj)pear8 to be a poor one, but circumstances prevented 
Mr. C\>tter from opening it up, and its value is therefore still 
uncertain. 


Engineering Questions and Allied Enquiries. 

23. Several sites for dams were examined and reported on during 

Pro oted year. Mr. H. C. Jones re-visit^ the Hasdco 

site in Bilaspur, Central Provinces, where borings 
were being put down to test the rock underljdng the alluvium. 

24. At the request of the Madras Government, Dr. Murray Stuart 
was deputed to report on a site for a proposed dam on the Siruvani 
river in Malabar district near the borders of Coimbatore, where it 
was hoped to construct a reservoir which would be capable of giving 
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not only an ample water supply but also electric power to the station 
of Coimbatore. Owing to the porous nature of the rocks on which it 
was proposed to found the dam, Dr. Stuart was compelled to condemn 
the site. 

25. With a view to preventing the serious effects of the floods 

which from time to time devastate the coimtry 
Damuda bordering the Damuda river in Burdwan, pro¬ 
posals have been put forward for the erection 
of barrages across that river and across the Barakar some miles 
above the area affected. A site having been suggested at Parjori 
on the edge of the Jharia coalfield, the Geological Survey was asked 
to report on it. The enquiry was entrusted to Mr. C. S. Fox, who 
found that, although the site in question would be suitable from 
the constructional point of view, the effect on the coalfield might 
be serious owing to increased percolation into the lower coal-measures 
from the proposed reservoir. 

26. Last year boring operations were undertaken at Bhusaw^al 

by the Great Indian Peninsula Railway Com- 
Deccan”trap/*^** search of possible coalfields below the 

Deccan Trap. Dr. Fermor investigated the 
site before operations were begun and visited it again recently. 
At the time of Dr. Fermor’s last visit in November, 1919, the boring 
*had reached a depth of 255 feet, of which 46 feet 6 inches were 
alluvium and the rest Deccan Trap. 

27. Considerable alarm was recently created among the inhabit¬ 

ants of a small valley in Sirmur State by the 
Slmur.^** gob-fire in ^gcovery that the rocks of one of the hill-sides 
were on fire. The matter was reported to the 
Geological Survey, with a request that the locality should be exa¬ 
mined. I took advantage of a visit to Simla in September to return 
through Sirmur and inspect the fire. The locality in question is close 
to the village of Ghalja which lies in the hills above the famous Ranka 
lake and about 25 miles E. N. E. from Nahan. The fire was found 
to be burning at the back of a landslip which had occurred on the 
steep side of a small valley, in grey and red ferruginous shales which 
carry thin bands of lignitic material. The back of the slip is defined 
by a crack or series of cracks extending for some hundreds of yards 
along the hill-side. The vertical movement appeared to have been 
inconsiderable, but the friction had apparently been sufficient to 
generate combustion in the lignitic material, specimens of which were 
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found to carry about 13 per cent, of carbonaceous matter. Owing 
to the presence of the cracks along the back of the slip, the burning 
material is supplied with sufficient oxygen to maintain combustion. 
The phenomenon is, in fact, a typical gob-fire produced by natural 
causes. It is likely to continue until the slipped material eventually 
subsides into the valley below. 


Iron. 


Bihar and OrUsa. 


28. The recent discoveries of iron-ore in the southern parts of 
Singhbhum have resulted in a large number of 
applications for prospecting licenses and mining 
leases, and it was considered advisable that the ferruginous belt 
should be geologically examined without delay. Mr. H. C. Jones 
has been engaged on this investigation during the last two field- 
seasons. The geological results of his work will be found below 
(pages 17—18). He found the iron-ore to occur usually at or 
near the tops of hills, the most important being the range running 
from about 3 miles south-west of fiua to the Kolhan-Keonjhar 
boundary east of Naogaon, V.c., a distance of about 10 miles. The 
range, which rise^ some 1,500 feet above the plain, is said also to 
continue into the Keonjhar State. Mr. Jones found that good 
iron-ore formed the top of this range of hills almost without a break. 
Parallel to this range is another similar line of hills ruiuiing from the 
Duargui stream, three miles east of Bada. to the Karo river south-east 
of (Jhatkuri, a distance of about 7 miles. Here the iron-ore was 
found to occupy the top of the ridge as before, the ore in the southern 
part being apparently as good and continuous as in the adjoining 
range : towards the north, however, a considerable amount of dis¬ 
turbance was observed, and replacement appeared to be less 
complete. To the west a third range of hills runs from the Karo 
river, east of Salai, to the east of tliota Nagra. Here also iron-ore 
was found at or near the top of the range, but it appears to be confined 
to patches, w’-hich, however, are of considerable importance. To 
the west of these ranges again are more irregular patches of ore 
occupying the tops of hills. The Kolhan hematites usually appear 
to contain about 64 per cent, of iron, with phosphorus ranging 
from *03 to ’OS, or, in some cases, to as high as 0*15. The sulphur 
content is usually below *03. Titanium is also said to be found 
occasionally in the ore, usually either as a trace or in very small 
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quantities. Samples from the better parts of the ore-deposits con¬ 
tain as much as 68 or 69 per cent. iron. Comparatively little pro¬ 
specting work has been done hitherto by concessionaires on the 
deposits, but enough is known to justify the belief that the quantities 
available will run into hundreds—possibly into thousands—of 
millions of tons. In most cases, the chief obstacle to development 
lies in the difficult and inaccessible nature of the country. 

29. At the request of the Government of Madras, Dr. M. Stuart 

Madras instructed to re-examine the well-known 

magnetite deposits of Kanjamalai in Salem 
district. Dr. Stuart took a number of average samples of the deposits 
and the result of his work has been to confirm the conclusions 
arrived at by Mr. Middlemiss twenty-two years ago,—that the 
ore is really a low-grade quartz-magnetite schist containing about 
38 per cent, of iron. The percentages given by Dr. Stuart’s samples 
ranged from 37 to 39. Mr. E. O. Murray kindly put some bulk 
samples of the ore through a magnetic separator belonging to the Great 
Indian Phosphate Company, but the results were not entirely 
satisfactory, and it is proposed to have a further test made as to the 
possibility of magnetic concentration. 

Kaolin. 

30. In my General Report last year reference was made to an 
investigation then being carried out by Mr. K. A. K. Hallowes into 
the china clay deposits of Upper Burma. The so-called “ White Bed,” 
or “ White Sand,” occurring immediately below the Red Bed at the 
base of the Irrawaddi Sandstone Series, has long been known to contain 
a considerable amount of kaolin. Extensive examination of this bed 
by Mr. Hallowes, both in the Pakokku district and in Yamethin, 
proved it to contain very large quantities of clay which appears 
to be eminently suitable for the manufacture of porcelain. The 
raw sand is said to contain about 60 per cent, of free silica and from 
25 to 30 per cent, of kaolin ; it is also said to be very free from iron 
and alkalis. Laboratory tests indicated that the plasticity, refrac¬ 
toriness and colour of the levigated material were good. The white 
bed is said to run for a distance of some 40 miles, the most important 
area, however, being r^rded by Mr. Hallowes as the Yenangyat 
and Singu oilfields, where the bed appears to attain its maximum 
development. Its thickness is variable, and is said to range from 
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15 to 50 feet. Owing to the proximity of the Yaw and Irrawaddi 
rivers, levigation could be easily carried out, while cheap water- 
carriage is available to Rangoon. 

Manganese. 

31. During the course of his survey of the Nagpur district, Mr. G. 
de P. Cotter found among the Archaean rocks to the north-cast 
of Kelod thin bands of manganese-ore, which evidently constitute 
a continuation of the Dudhara occurrence recorded by Dr. Fermor 
in Memoirs, Vol. XXXVll, page 801. 

Mica. 

32. The urgent demand for mica having ceased soon after the 
conclusion of the armistice, it was decided to close down the mines 
at Masnodih which were being worked by the Geological 
Survey. When orders to close were received, in March, 1919, Mr. 
(\ S. Fox, who was in charge, had succeeded in bringing up the 
output of the mines from about IJ ton per mensem to nearly seven 
tons. The work of both Mr. G. H. Tipper and of Mr. C. S. Fox 
has been commended b}' the Local Government and also by the 
(Jovernincnt of India. In addition to advisory work in Bihar and 
Orissa, Mr. G. II. TipiH'r also xnaited the Nellore mica mines at the 
re([uest of the Madras (foveniment, and 8ubmitte<l a full report on 
existing mines and recommendations as to the possibility of improving 
the local methods of mining. 


Petroleum. 

33. Dr. Pascoe's memoir, Vol. XL, pt. 3, on petroleum in the 
Punjab and North-Weat Frontier Province, was recently completed and 
is now in the press. The memoir contains references to all recorded 
seepages, most of which were visited and examined. This work has, 
unfortunately, suffered considerable delay, especially that caused by 
the war. An attempt has been made to shew that the theory held 
by Sir Thomas Holland, myself and others, regarding the structure 
and age of the Salt Range rocks, fits the facts better than any other 
and receives confirmation from all the oil seepages connected with the 
salt and gypsum on both sides of the Indus. The author developes 
at some length his theory regarding the connection between an 
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oil-belt and a desiccating gulf, the gulf in this case giving place to 
a river with a very interesting history. 

Soda. 

34. An enquiry into the soda deposits and industry in Sind 
has recently been made by Mr. G. de P. Cotter. Previous to this 
little was known regarding the nature and extent of these deposits, 
which are exported in small quantities from Karachi. The salt 
obtained is a crude trona known locally as ‘‘ chaniho^^ and is used 
for washing and dyeing clothes, for hardening treacle, for the prepara¬ 
tion of molasses from sugar-cane, in flavouring goorakho (a prepara¬ 
tion from tobacco) and principally as a yeast in the manufacture 
of papars or pulse biscuits. The only areas at present producing 
chaniho are Khairpur State with an average annual output between 
1912-13 and 1916-17 of 734 tons of trona, and the Nawabshah District 
which produced 555 tons in the two years 1915 to 1917. The total 
outturn in Sind therefore averages approximately 1,000 tons per 
annum. 


Sulphur. 

35. Early in the year under review, Mr. Cotter took up the 
examination of the old sulphur mines near Sanni in Baluchistan. 
The result showed that there was likely to be only a small amount 
of sulphur available. Mr. Cotter’s report has already been publislied 
in these Records (Vol. L, part 2). 

Tin. 

36. During the course of his work in eastern Tavoy, Mr. 
Vinayak Kao found that the results of panning gave a good show 
of tin in the C3iaungwa, Makute, Salopu, Kyeku and other 
streams joining the Tenasserim river from the west. Alluvial flats 
occur on either side of the upper Tenasserim river in Tavoy, but 
these have not yet been prospected for tin. 

Tungstea. 

37. Owing to the absence of further demand for wolfram, Messrs. 
Goggin Brown and Heron, who had remained for some years conti¬ 
nuously at Tavoy in order to advise the Local Government on th9 
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best methods of increasing the output, were re-called at the end of 
the usual field-season. Mr. Coggin Brown, however, remained for 
a further short period in ordar to deal with questions relating to 
the compensation to be paid to the producers. 

Water. 

38. The question of increasing the water-supply of Quetta and of 
other places in Baluchistan has recently been receiving considerable 
attention, and early in the year under review I visited Baluchistan 
to discuss the matter with the Local Administration. I could only 
reiterate the advice given by Mr. R. D. Oldham nearly thirty years 
before, that deej) borings should be put down in the alluvial plain 
with a \Hcw to testing the artesian conditions at depths of from 
5()0 to 1,000 feet below the surface. Subsequently, Mr. G. de P. 
Cotter was instructed to go into the question fully during last summer; 
his conclusions were the same as Mr. Oldham’s and mine. He also 
reported on the possibility of increasing the water-supply at various 
other places, including Spezand and Sariab. 

GBOLOGICAL SURVEYS. 

39. The Bihar and Orissa and Central Provinces party consisted of 
Dr. Ferinor (in charge), and Messrs. Cotter and Jones. 

Owing to recent discoveries of large deposits of iron-ore in Singh- 

Bihar and Orissa bhum, it was decided to take up at once the 
examination of the hitherto unsurveyed parts 
of that district. Mr. H. C. Jones was deputed to make a geological 
survey of the Kolhan Government estate and the neighbouring 
States of Keonjhar and Bonai. During the field-season 1918-19, 
he succeeded in mapping a considerable area represented by degree 
sheets (1'’=! mile) 73 F3, 73 F4, 73 F7 and 73 F8. The country 
examined consists largely of reserved and protected forest-land ; 
it is wholly covered with sal forest and is almost uninhabited. Mr. 
Jones, therefore, experienced considerable difficulties in the matter 
of supplies and transport, and work was consequently slower than it 
would have been in more accessible country. 

40. Mr. Jones states that the rocks of the area consist chiefly of 
shales or slates, andphyllites with bands of sandstone, quartzite 
and banded hematite-quartzite. Thin bands of siliceous limestone 
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ace oocasionsUy found. The banded hematite-quartzites are import¬ 
ant as forming the main part of the iron-bearing series. Being 
extremely hard and consisting largely of insoluble iron oxide, they 
resist weathering and stand out aboye the surrounding country, 
forming most of the high hills and ridges in the area examined. 
Dykes and interbedded layers of greenstone are common. According 
to Mr. Jones the sequence of rocks in which the iron-ore occurs 
appears to be :— 

(1) newer slaty shale; 

(2) banded hematite-quartzite; 

(3) older slaty shale. 

Above the newer shale Mr. Jones found a band of conglomeratic 
breccia, which he refers tentatively to the base of the Cuddapah 
system. Of the ferruginous rocks the commonest type consists 
of interbanded layers in varying proportions of iron oxide, silica 
and combinations of the two. The silica is sometimes crystalline 
and sometimes cherty. The chert, however, is not truly amorphous, 
but consists of fine interlocking quartz grains. At times the silica 
is red and jaspideous. The iron oxide is usually hematite, but 
octahedra of magnetite were sometimes found. According to Mr. 
Jones, the ore-bodies are derived from these rocks by local enrich¬ 
ment, largely by the leaching out of silica, and to a less extent 
by the introduction of iron oxide. For further details regarding 
the ore-bodies see supra p. 13. 

41. The systematic survey of Tavoy and Mergui was continued by 
the party consisting of Messrs. Coggin Brown, 
Heron, Sethu Kama Rau and Vinayak Rao. 
The map of Tavoy on the scale of l'=l mile was almost completed 
by the end of 1919, only a small area of extremely inaccessible country 
still remaining to be surveyed. Owing to the increased attention 
that is now being paid to possible tin-bearing ground, work has been 
pushed on in Mergui, both in the outer ranges and in the Tenasserim 
valley. Mr. Sethu Rama Rau reports that the rocks of the Palaw 
valley consist chiefly of members of the Mergui series, including 
micaceous slates, and shales and quartzites, with bands of granite 
intruded parallel to the general strike of the sedimentary rocks. The 
intrusionB are usually drawn out lenticles with veins of secondary 
quartz. The granite is a coarse crystalline muscovite-tourmaline- 
pegmatite with cassiterite as an accessory mineral in many places. 
!nie aUuvial flato bordering the streams which flow at the foot 
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of the pegmatite hills generally carry tin. The ridge of hills east 
of the Palaw Chaung consists chiefly of argillaceous limestone and, 
owing to the absence of intrusive granite, is barren of tin. 

42. Mr. Vinayak Rao’s work was confined chiefly to the Tavoy 
district and lay among the very inaccessible country in the neigh¬ 
bourhood of Banchaung in the east of the district. Near that village 
and also at Kyaukton the Tertiary rocks contain a seam of coal 
of good quality. It is, unfortunately, only six inches thick, and 
the quantity is negligible. Owing to the uninhabited nature of 
the country and the impossibility of obtaining transport 
and supplies, Mr. Vinayak Rao was compelled to leave some of 
the more inaccessible areas bordering the Siamese frontier unsurveyed 
for the present. He is now transferring his camp to Mergui, with 
the intention of working up the Tenasserim valley towards the 
Tavoy frontier. 

43, In the Central Provinces Dr. Fermor resumed the sur\'ey of the 
('hhindwara district, and Mr. Cotter that of 
Nagpur. In Chhindwara Dr. Fermor conti¬ 
nued his study of the calcareous Archaean rocks of the Sausar tahsil 
and has now been able to distribute them amongst two main groups. 
The first consists of— 

(а) calcitic marbles—containing diopside hornblende, epidote 

and garnet ; 

(б) calcijdiyres--marbles with very abundant accessory minor 

minerals ; and 

(c) calc-granulitcs—containing epidote, garnet, pyroxene, horn¬ 
blende, quartz, microcline and labradorite. These gra- 
nulites are regarded by Dr. Fermor as products of 
lit’par-lii injection of limestone by an acid intrusive 
rock characterised by the presence of microcline. The 
bands of the granulites are usually from 1 inch to 3 
inches thick, those representing the original limestone 
being characterised by the presence of labradorite, 
while the intrusive material is less calcareous and 
is characterised by the presence of microcline. In 
places it has been possible to trace the passage of 
marble along the strike through banded calciphyre 
into calc-granulite. 

The second group of the calcareous Archsean rocks consists of dolo- 
mitio serpentine marbles containing diopside, chondrodite, ]dilogopit 69 
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spinel, forsterite (1) and sometimes tremolite. The diopside, 
forsterite and chondrodite all pass into serpentine. Dr. Fermor 
suggests that, like the marbles of Skye, these rocks may result from 
the metamorphism of sedimentary dolomitic limestone; their origin, 
however, has not yet been worked out. 

44. With the help of the beds of Deccan Trap overlying the Archsean 
rocks. Dr. Fermor has been able to detect and work out a system 
of post-Deccan Trap faulting that has affected this area. Similar 
faulting has been referred to in previous General Reports, but it 
has now proved more extensive than was originally suspected. 
It is of the simple block-faulting type, the vertical throw ranging 
from 50 to 250 feet. This faulting is particularly noticeable in the 
calc-granulite zone. 

45. Mr. Cotter’s work lay chiefly in the country covered by sheet 
65 K15. The rocks met with consisted of Archsean, Gondwana, 
Lameta, Deccan Trap and alluvium. The gneiss is generally of 
the same t 3 rpe as that prevailing in the Sausar tahsil of Chhindwara. 
Towards the south quartzite bands are common. The Gondwana 
beds are found west and south of Kelod. According to Mr. Cotter, 
they are very like the Gondwanas at Parsora in Rewah State and 
presumably belong to the Kamthi stage. Fossils were found only 
in one place and consisted of stems of Schizoneura, The beds appear 
to be faulted against the Archsean group the boundary running 
from N. W. to S. E. The Lameta beds are whitish sedimentary 
grits usually cemented by calcite. 

46. During the winter of 1918-1919 Dr. E. H. Pascoe was 

„ ^ , deputed to make a geological examination of 

parts of Mesopotamia. With the concurrence 
of the Chief Commissioner, Baghdad, and Army General Head¬ 
quarters, the following itinerary was followed. From Tikrit the 
right bank of the Tigris was followed through Fathah, Sharqat, El 
Qaiyarah, and Hammam Ali, as far as Mosul, with short offsets 
where possible. At Mosul the river was crossed and the route 
taken passed through Nineveh, Nimrud, across the Greater Zab at 
Quwair, through Kurkuk, Tazah Khurmatu, Tauq, Tuz Khurmatu, 
Kifri, Qarah Tappah, to Table Mountain. Digressions were made 
en route to Mar Behnam, Kani Qadir, and the Jabal (Jilabat. The 
country covered was mapped on military skeleton maps on the scale 
of J inch or 1 inch to the mile. The beds encountered were assigned 
to two 8erieB> the lower of which forms part of Dr. Pilgrim’s gypsum- 
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bearing Fars series. This includes marine beds and is followed by 
a fluviatile series for which Dr. Pascoe proposes the provisional 
name of “ Kurd series,” as it is so well developed in Kurdistan; 
he is of opinion that it will eventually be found to correspond fairly 
closely with Dr. Pilgrim’s Bakhtiari series of Persia. It was found 
possible to separate this series into four if not five zones or stages, 
which, although passing one into the other with no definite boundary, 
form distinct phases in the deposition of the sediments. A highly 
interesting reversed fault of very large magnitude was observed 
along the base of the Jabal Nasaz at Kani Qadir. 

47. By the courtesy of the Flying (Wps Dr. Pascoe was taken for 
a flight over the Jabal Yawan, ]>artly to visit country whose more 
intimate acquaintance the hostility of local tribes rendered it in¬ 
advisable to make on foot, and partly to test the value of aeroplane 
reconnaissance for geological work. With regard to the latter the 
result was on the whole disappointing, though an excellent bird^s- 
eye view of the structure of the anticline was occasionally obtained. 
The Fars beds could be recognized even at 1,0(K) feet altitude, but their 
boundaries could not be observed with suflicient approximation to 
make this method of surveying of any great use. 

48. Dr. M. Stuart, who is attached to the Waziristan Field Force, 

Wulristan accompanied the Tochi column as far as Datta 

Khel, and was able to confirm the results of the 
work of F. H. Smith, who accompanied a similar expedition nearly 25 
years ago. When military operations were transferred to the Mahsud 
region, Dr. Stuart accompanied the column, but, up to the end of the 
period covered by this repoi-t, had not been able to visit hitherto 
unexplored country. 
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Note on Pseudo-crystals of Graphite from Tra- 
VANCORE. By G. H. Tipper, M.A., F.G.S., F.A.S.B., 
Geological Survey of India. (With Plate i.) 

W HILE in Trivandrum in 1909 Mr. H, P Herbert of the Morgan 
Crucible Co. showed me some specimens of what appeared 
to be well crystallised graphite then being obtained from one of 
the Company’s prospecting pits. He very kindly arranged for me 
to have an opportunity of visiting the locality. 

The pit, situated near the village of Yerrachelloor (8° 20' 20" ; 
IV 11') 6 miles south of Ncyattankarai, had been sunk through 
the lateritised soil-cap into the decomposed rock below. The rock 
in which the graphite occurred was chiefly decomposed felspar 
stained a red brown colour, with a few stringers of quartz. The pit 
was extremely wet and the material so soft that it could easily 
be cut with a spade. The graphite was in two forms, pseudo-crys¬ 
talline and flaky. The latter was much more abundant and some 
of the plates were several inches across. The mineral occurred 
in patches in the rock and did not form a continuous vein. 

A number of the most perfect pseudo-crystals were collected. 

The graphite had every appearance of being an original constituent 
of the rock, and judging from many other occurrences in Travancore 
and the Tinnevelly hills, the original rock was probably a pegmatite, 
although as already stated the rock was in such a weathered condi¬ 
tion that its original form was completely lost. 

The pseudo-crystals (figs. 1—7, Plate 1) are of bright shining 
graphite which hardly soils the fingers. The faces are usually flat, 
only occasionally curved or distorted, and the angles shai^. Many 
of the faces show triple sets of striss cutting each other at angles 

of approximately 120®. There is a well defined platy cleavage. 

The density of the mineral is 2*2. The ash amounts to only 1*20 
per cent, and consists of 70 per cent, of iron oxide and alumina, 
the remainder being silica. Some of this impurity may be of subse¬ 
quent origin due to the weathering of the enclosing rock. 

Some of the specimens are wedge-shaped, of the type shown in 
figures 6 and 7, Plate 1. In two cases there is a core of weathered 
felspar showing at‘the broad end. The structure is that seen in the 
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annexed text figure. The core is surrounded, not by a single individual, 
but by a number of independent units in each of which the platy 
cleavage of the graphite is arranged parallel to each face. This 
structure resembles closely that of wedge mica and is probably 
of similar origin. 



In all the other cases the felspar core is wanting and is replaced 
by a core of polyhedra of glistening graphite, round which plates 
of graphite are arranged in a manner e.xactly similar to that above. 
This is beautifully shown in the photograph, fig. 1. Plate 1. There 
is often a considerable difference in the thickness of the external 
platy layers on different ])art.s of the same structure. Many of 
these apparent crv-stals are pyramidal or prismatic and one or 
two seem to show trigonal symmetry, while some are undoubtedly 
compounded of several units of the type described. One shows 
a marked re-entrant angle as if it had grown round some resistant 
object, the resultant resembling a butterfly twin. In some there 
is a re-entrant angle formed by the jutting out one of the faces in 
its own plane beyond the limit of the rest of the crystal (Fig. 4, 
Plate 1). It is interesting to note that in two cases the angle so 
made by the projection with the adjacent face corresponds to the 
angle between the basal plane and a prism face of a plagioclase 
felspar. This, however, is probably merely a coincidence. 

It seems from a description of the structure of these objects that 
the resultant form is not a true crystal, but is due to portions of 
different crystals (represented by the different sets of plates of 
graphite) meeting at varying angles. This is borne out by a study 
of the angles of the structures. As has been noted, the faces are 
generally flat and the angles sharp. Careful measurements by 
my colleague, Mr. C. S. Fox, who considers that the measurements 
are accurate to half a degree, led him to the conclusion that, although 
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there are a certain number of coincidences, the measurements so 
obtained cannot be fitted into any of the known OTstallographio 
systems. 

In attempting an explanation of these structures, it is necessary 
to insist on their rarity. They constitute only a small proportion of 
the graphite in the rock. In spite of the high quality of this form 
of graphite, profitable mining was only possible while the enclosing 
rock was weathered and excavation easy. 

The ordinary means of study are of no use in the case of an 
opaque mineral, and owing to the great flexibility of the graphite 
plates, it is not possible to cut or break the forms and at the same 
time preserve the inner structure intact. Observations are 
dependent on chance breakages. Of the thirty-two specimens eight 
show something of the inner structure. Two of them have a felspathic 
core, and in these instances the graphite is of a later generation than 
the felspar. Here the graphite may have simply crystallised from 
several independent centres round the felspar, as mica is known 
to do in one form of wedge mica; the latter, however, is never 
so perfect in form as the graphite in question. 

In the remaining six specimens which show inner structure 
there are no signs of a foreign core, the craitre of each individual 
being formed of polyhedra of graphite. If there had been free 
crystallisation, there is no reason why a symmetrical form should 
not have been produced. It would seem, therefore, that there 
was some directive influence other than that of ordinary crystalli¬ 
sation to account for these unsymmetrical forms. A suggestion 
may be put forward that the graphite is of a later generation and 
filled cavities occurring between already crystallised felspar. In 
this way it might be possible to account for the asymmetry of the 
growths and also for the re-entmnt angles. 


EXPLANATION OP PLATE. 

Fro. 1. Magnified photograph showing structure X 3. 

Fios. 2—7.—Different types of pseudo-crystals; fig. 4 shows a re-entrant 
angle; natural size. 
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On a Mineral related to Xenotime from the 
Manbhum District, Bihar and Orissa Province. 
BY G. H. Tipper, Geological Siiroey of India. (With 
Plate 2.) 


T he mineral which forms the subject of the present note was 
sent to the (Jeological Survey Office by Mr. E. 0. Murray from 
Ara Burru, Kanvaluka mauza, 3 miles west of Dhalbhumgarh, one of 
the localities where apatite-magnetite rock is developed. On the 
specimen were a number of long brown prisms, closely resembling 
in habit and colour zircon. Preliminary physical tests showed 
that the mineral was not zircon. A qualitative chemical analysis 
proved the presence of large quantities of rare earths and gave a 
strong reaction for phosphate. As the crystal system seemed to 
be tetragonal and the specific gravity was 4'e55, it seemed probable 
that the mineral was xenotime and further chemical and micros¬ 
copical investigations were undertaken. 

The powdered mineral was fused with pure sodium carbonate, 

. , , . , treated with hydrochloric acid, evaporated to 

Method of Analysis. , , , * ^ .. 

dryness, taken up with a little more acid 

and filtered. There was practically no insoluble residue. The 

filtrate was treated with ammonia in excess, boiled and filtered. 

The precipitate so obtained, containing practically everything, 

was dissolved in a small quantity of dilute nitric acid. Solid oxalic 

acid was added to the solution which was boiled and allowed to 

stand for at least 12 hours. The precipitated oxalates were a 

delicate rose pink colour and were considered to contain all the 

rare earths. The precipitate was filtered off and ignited. The 

oxides were a light red brown. They were dissolved in fuming 

nitric acid and the solution evaporated until no more acid fumes 

were given off. The combined nitrates were dissolved in a little water, 

an excess of solid potassium sulphate was added, and the whole 

allowed t-o stand. It was considered that this separation would give 

some idea of the relative proportions of the yttnum and cerium 

earths. As, however, there is a fair percentage of thorium present, 

the separation is by no meAns accurate. After the separation by 

potassium sulphate, the oxalates of both yttrium and cerium earths 



32 


Records of the Geological Survey of India, j]VoL. LI. 

were precipitated and ignited. The oxides were combined, con¬ 
verted into nitrates and the thorium oxide precipitated in a solution 
in ammonium nitrate by hydrogen peroxide. The phosphate was 
determined in the ordinary way. No attempt was made to estimate 
any other constituent in the mineral, the principal being iron. 


Result of Analysis, 


Total Rare Earths . . . . . . . .61-32 

Yttrium Earths ......... 47-6 

Cerium Earths ......... 5-8 

Thoria (ThOg).6-92 

RjOs.30-7 


The solution of the cerium earths gave no absorption spectrum, 
while that of the yttrium earths showed two bands in the green. 

No great stress can be laid on the details of this analysis 
except upon the determinations of the total 
**** earths and phosphate. These are the 

means of two separate analyses. The separ¬ 
ation of the yttrium and cerium earths by means of potassium 
sulphate, even supposing that there were nothing harmful present, 
is not complete in one operation, and the most that can be said of 
that part of the analysis is that it is sufficient to establish the fact 
that the yttrium earths are present in greater proportion than the 
cerium earths. The mineral is a phosphate of the rare earths with 
those of the yttrium group predominating. 


The colour is brown with a resinous lustre, streak pale brown. 

The mineral is translucent; specific gravity 4-55 ; 

Physical of hardness 4—5 ; fracture uneven, brittle ; cleavage 

parallel to the length of the crystal, perfect. 

The mineral occurs as a number of long rhombic-sectioned prisms 

Mode of occurrence. ® (Plate 2, fig. 1). 

Terminal faces are developed so badly as to 

be useless for crystallographic purposes. The crystals are sometimes 
covered with a thin light brown layer of limonitic material. This 
layer is easily removed ; it is not due to the decomposition 
of the mineral itself but has been deposited on it as a result of the 
weathering of the other minerals present. Thin sections show 
that the mineral is quite fresh and unweathered. The associated 
minerals are apatite, forming the bulk of the specimen, a dark 
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rhombic pyroxene, magnetite in small crystals and possible some 
rutile. The specific gravity of the rock is 3-8. 

The refractive index is practically equal to that of apatite, 
its associate. There is a faint dichroism. The 
Optical characters. double refraction is high and resembles that 

of monazite. There are two cleavages, of which one is slightly 
better than the other. The intersections of the cleavages in a basal 
section are almost at right angles (Plate 2, fig. 2). In all sections 
parallel to the length of the crystals (Plate 2, fig. 3), of which there 
are several at varying angles, the extinction is straight, thus barring 
a monoclinio habit for the mineral. The basal section, cut with 
gome care, does not extinguish as it ought if the mineral were 
tetragonal. There is on the one hand no indication of anomalous 
dispersion, while on the other the basal section extinguishes at about 
45 degrees to the cleavages, indicating that these arc prismatic. 
An obscure figure can be obtained, which seems to be biaxial. 

The composition of the mineral, as judged from the analysis 
given, suggests that the mineral is interme- 
Crystal system. diate between xenotime on the one hand and 
monazite on the other. Xenotime is tetragonal, monazite monoclinic. 
The ojitical evidence already given is sufficient to negative a tetra¬ 
gonal or a monochnic habit for this mineral. The most reasonable 
explanation is that the mineral is orthorhombic. The only crystal¬ 
lographic measurement which can be made is that between the 
prisms obtained from a cross section. This angle differs distinctly 
from a right angle by between 3 and 4 degrees, evidence confirmatory 
of the non-tetragonal habit. Unfortunately although a furt.hei large 
supply of material has been received, it has not furnished better 
preserved crystals, and the crystallographic confirmation of the 
suggestion made must be awaited. It is, however, legitimate to suggest 
that there may be a progressive change fiom xenotime, yttrium 
orthophosphate, to monazite, cerium orthophosphate, and that differ¬ 
ences in chemical composition are accompanied by chapges in crystal 
symmetry of a more drastic character than mere differences of 
angles as in isomorphous salts. 


EXPLANATION OF PLATE. 

Flo. 1.—Mode of occurrenco of the mineral : X 2. 

F|g. 2.—Basal section showing the intersection of the cleavages: ordinary 
light: X 48.3 

Fio. 3.—^Prisniatio aeotion: ordinary light: X 48. 


P 
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On the Coal Seams of the Foot-Hills of the 
Arakan Yoma, between Letpan Yaw in Pakokku 
AND NGAPE in MiNBU, UPPER BURMA. BY K. A. 
Knight Hallowes, M.A. (Cantab.), F.G.S., A.R.S.M., 
A.INST.M.M., Geolo^l Survey of India. (With Plate 

?•) _ 


I.—INTRODUCTION. 

C ommencing the examination of the coal belt from a point a 
. short distance to the south of Tazu which 

rev 008 servers. ^ south-west of Pauk in the Pakokku 

district, b^ond which point the investigations of my colleague 
Mir. Cotter did not extend, I examined the seams mapped by the 
late Mr. H. S. Bion as far south as Ngape in the Minbu district, 
i,e. over a distance of rather more than 100 miles. At the northern 
end of the belt coal occurs not only at Tazu, but also at Letpanhla, 
some 60 miles west of Pakokku; this had already been investi¬ 
gated by Mr. Cottar.^ The same observer and Mr. S. Sethu Kama 
Bau had also examined the geology of the southern part of the belt 
near Ngape*. The geology of the intermediate portion which, as 
stated above, continues for more than one hundred miles, had 
beoi admirably mapped in detail by Mr. Bion. All these observers, 
in the course of mapping the geological formations, had indicated on 
th«r maps some of the outcrops of the coal seams, but further 
examination of the latter had been postponed pending the comple¬ 
tion of Mr. Cotter’s investigation of the more promising coalfield 
near Tazu. 

Near Eyaukset some 30 miles south-west of Minbu, coal was 
at the time of my visit in November, 1918, being mined by Maung 
Mit on behalf of Maung Tun Aung Gyaw, late Municipal Secretary 
of Thayetmyo. By the 15th of November of that year about 35 
tons had been sent away, while 10 tons were stacked at the mine; 
in all, therefore, 45 tons of coal had been excavated from this occur- 

> Rtc. Oeol. Surv. led., Vol, XLV, pt.|3. 

* Bta, ffsoC Sun. Ind.f'fol. XU. pt. 4, 



Pakt 1.] Haixowbs : Coal Seams of the Arakan Yoma. 3& 

rence (see plate 3). Soutli of Kyaukset, the coal belt continues 
east of Kyet-u-bok, west of Kyaukpe and Magyisan, and as far as 
Yenanman in the Minhla Township. 

II.—GEOLOGY. 

The coal is confined almost entirely to (1) the Shwezetaw Sand* 

. stones (Lower Pegus) which Mr. Cotter has shown 
The coal-bearing rocks. ^ . xt ^ i i i • . i 

to contain near IS gape the fossil be ds designated 

by him D. E. & (2) the Yaw Shales (Upper Eocene), which 

the researches of the same observer^ along with those of Mr. Bion 

have shown to be characterised by the zone of Velates schmiedeli, 

occurring on the top of this stage, and which, near Ngape (Minbu), 

has been designated ‘‘O’’ by Mr. Cotter®, and finally (3) the 

Pondaung Sandstones (Upper Eocene), which west of Kinmungyon 

form the Nwaniataung hill range, and near Ngape contain Mr. 

Cotter 8 fossil bed Coal is generally absent from the Upper P^us ; 

the same is true of the Tabyin Clays and Tilin Sandstones, for 

although large areas of these rocks were explored not a single coabseam 

was observed in them. 

Begarding the rocks containing the coal seams Bion observed 
that the Shvezetaw sandstones (Lower Pegus) near Ngahlaingdwin 
are unfossiliferous ; at latitude 20° 58' fossil wood begins to occur in 
them, and in some places they contain so much of it, tliat they resem¬ 
ble or might easily be mistaken for beds of the Irrawaddi Series. 
The following section from the upper to the lower horizons through 
the Yaw Stage, tlie most important of the coal-bearing stages, is 
given by Bion - 

(a) Calcareous sandstone with Operculina ; this fossil is always 

strictly confined to the Y^aw Stage. 

(b) Zone of Velates schmiedeli ; Velates does not occur N. of 

21 ° 6 '. 

(c) Shales. 

(d) Coral limestone; 2' thick ; with small gastropods. This bed 

is not found north of 21° 5' because of the prevalence of 
an arenaceous facies; below it is a bed of sand containing 
a profusion of large Ostraeae. 
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(e) Shales. 

(/) Shales with NummuliUs yawensis, Cardium ihetkegyineme etc. 
This horizon can be traced through the Yaw Stage as far 
north as Tazu. 

( 3 ) Coal and carbonaceous shale. 

(h) Shales with siliceous bands and septaria. 

(i) Limestone band; 1 '— 2 ' thick ; with small Nummnhtes and 
Operculina. 

This section indicates, therefore, that the lignite is Upper Eocene 
in age. 

The massive sandstones which underlie the Yaw Stage and were 
named by Cotter the “ Pondaung Sandstones ’’ were found by 
Bion to have a thickness of about 3,000 ft. in the coal belt, and to be 
characterised by fine-grained concretions of harder matter; two 
hundred feet from the top of this group they enclose a fossil wood 
zone. These rocks are usually unfossiliferous, but, as Bion points 
out, the fossils which he found at rare intervals show that they 
are in the main marine.’’ He further draws attention to the fact 
that when they are traced northwards “ there is a gradation to a 
more shallow-water facies.” 

Dr. Cesare Porro^ has divided the Tertiary beds near Ngahlaing- 
dwin into seven sub-divisions which from the work of Bion can be 
correlated with the sub-divisions adopted by Mr. Cotter,^ in other 
parts of Burma. His sub-divisions 2 (“ lignite-bearing shales 
with sandstones ”) and 3 (“ alternations of sandstones and shales 
with beds containing foraminifera ”) represent Mr. Cotter’s Yaw 
Stage which is the chief coal-bearing horizon of the belt. 

In the Kyaukset area some 30 miles south-west of Minbu, 
the coal-seams, interbedded between Eocene 
^ t c 00 a - shales, have been folded along 

with those rocks, and show signs of great 
contortion. 


' JBec. Oed. Surv. fnd.^ Vol, XLV, p. 249. 

» See. Oecl. Surv. Ind., Vol. XLI, p. 232; Vol. XLIV, p. 164; Vol. XLV, p. 268 
and Vol.XLVIl, p. 44. 
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HI.—TABLE OF THE COAL SEAMS. 

For the sake of conciseness the main geological features chaiao* 
terising the numerous seams have been condensed into the following 
table:— 


I^tyolCoal. 


Nature and 
thickness of 
scam or 
seams. 


1. Newo rhaung Shwesctaw 
£. of Lotpan Kaudstonch. 
Yaw. (Ixjwcr IVgUH). 


2. Kyaukpan ('. Do. 

K. of Letiian 

Yaw. 

3. Letpan faw Hhalen 

N. of liCtpan (Koccnr). 

Yaw. 

4. N. N. E. ofl/'t- Do. 

pan Yaw, in tin* 

Shu Ulii road 
cutting. 


5. Cliauknct Sliwcactaw 

Chaung, E. of saudstonca. 

Lctpan Yaw. 

6. Tributary of Upia-r IVgua. 
tho C'haiiknct 

iliaiing, W. of 
Sha HU. 

7. Wun-nge Cliaimg Sliwcxctaw 

E. of Saw Let- Nautiatones, 

pan. 


calcareous 

saiidstonea. 


Pale greenish 
grey ealcan‘OUS 
saiulKtoncH. 


Caleareons 

baiulstoncs. 


grey Calcareous sand- 17® to E. Carbonaceous 


15® to 
8. my E. 


shales with 
thin partings 
of lignite -25' 
—r thick. 

Do.. 


Thin partings of 
lignite 1^—J* 
thick. 


25^ to E. Carbonaceous 

shales with 
thin partings 
of lignite 
1" thick. 


sand- 20' to 
8. 40 E. 


Shale and cal- j 22 to £. 
eareous sand- i 
stones. 


Dark grey car- ('arbonaceous 17‘ to E. 
iKmueeoiis hhale. ! 

shales. I 


8. Letimn C. near 
Lctpan Yaw. 

Yaw Shiiles. 

1 

Pale greeiiibh 

grey calcareous 
sHiidstoues. 

9. Head of the 
Tettn Chaung 
8. W. of Paing. 

Shwezetaw 

^andBtoneh. 

Oehre yellow 

ealeareous 
sainlslout'* and 
carlKinaeeouh 
shales. 

10. W. of Saw Lct¬ 
pan. 

Pondaung 

Sandstones. 

Pale gn'Ciiish 
grey friable 
calcareous 
snntls tones. 

11. K. of Thon- 
laiibjd. 

Shwezi'taw 

Sandstones. 

Dark reddish 

brown and 

dark bluis 

grey earbo” j 

naoeouB shales. 

12. Head of tho 
Kyauk-kyan C, 
West of 

Ainggyi. 

Do. 

Dark bluish 

grey carbon¬ 
aceous shales. 

18. Just N. of 
Thonlanbyl. 

Do. 

Orange coloured 
oohreous pale 
grey shales. 


1 22 to 

1 8. 80 E. 


shales ami 
greenish gn^y 
shales. 


Hiin Beam of 
lignite a few 
inches thick. 


Seam 3'— 4* 

thick (practi¬ 
cally all solid 
lignite). 

Thin seam of 
lignite a few 
inches thick. 

Seam of sohd 
lignite 2' thick 


deposits of lig* 
nitc. 


I K. 60® E. lignite ll'—l' 
thick. 


is 25 to 
and N. To K. 


of lignite 1', 
ir thick. 
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is 


• Loeattty of Goal. 

Geologioal 

horhmn. 

Eoof. 

Floor. 

Dip of 
seam. 

^Nature and 
thickness of 
seam or 
seams. 

14. Tliekke 

GhKOOg. 

16. Just S. of 
Mandu in the 
Kylngyi Chaung. 

Bhwesetaw 

Sandstones. 

Pondaung 

Sandstones. 

Orange coloured 
oohreous pale 
grey shal^. 

Carbonaceous 

shales. 

Pale grey shales. 

Shales. . 

30''-37* 

to«.E. 

50^ to 

8. 80" K. 

Carbonaceous 
shales wltli rare 
lentlciUes and 
stringers of 

lignite 2 rntn.-l" 
thick. 

Very »haly 

seam of lignite 
2' (C thick. 

16. One mile due 
west of Kwin- 
<jaw in the 
Salin Chaung. 

Shwrretaw 

Sandstones. 

Dark grey car- 
bonaeouB shales. 

Soft shales 

20 -2:>' 
to E. 

I 

Very shaly seam 
ol lignite 1' *2" 

! thick. 

17. 10 miles E. of 
Kwindaw at 

the head of the 
Tha y e t k 6 n 
Chaung. 

Do. 

Pale greyish 

white triable 
sandstones. 

Soft Hand- 

StOIiOh. 

70''-7.> to j 
S. 80* E. 

1 

Sandstones 
with thin part¬ 
ings of lignite 
•25'—4' thick. 

18. In the Chaung 
about 1 n^e 
S.S.E. of Kwin¬ 
daw. 

Padaung 

Clays. 

i Pale yellowish 
w'hite soft 

1 friable sand¬ 
stones. 

Dark carlion- 
aeeous HhaIi*H. 

32' nl- I 

mo4t 
e\a«ily 
to E 

Two thin seams 
of lignite one 
5' and the oUici 
, 7" thick. 

19. In the Chaung 
nearly half a 
mile E. of Nga- 
taung. 

Shwesetaw 

Sandstones. 

Pale greyish 

white thill 

bedded sand¬ 
stones. 

Soft sand- 

Mom'S. 

1 

IW to 
*N. CO E. 

1 

CarbouaceouM 

1 shahm W’ith 

1 knile—partings 
j of lignite. 

‘20. In the Hni C. 
between Nga- 
taung and Hni. 

Yaw Shales. 

Dark carbon¬ 
aceous shales. 1 

CarlKmuceoiis 1 
shales with a ; 
reddish tinge. i 

4H to 1 
N. 7(1' E. 1 

[ Very shalj seam 
' of lignite, 1' O'* 
thick. 

21. In the Pauk 
Chaung be¬ 

tween Hni aud 
paukchaung. 

Shwezetaw 

Sandstones. 

Dark bluinh- 

grey carbona¬ 
ceous shales. 

1 

Dark choco- | 

late-brown 
lerruginous 
and carbona¬ 
ceous shales. 

r»3 1 o 

N. 70'= E. 

[ 

Ver\ shnl\ scam 

1 of* lignite 2' 

1 tr thick. 

22. E. flank of 
Dudataung 
Bange* E. of 
Tindu. 

23. In the Thay. 
ctkon Chaung 
B. of Tindu. 

Yaw Shales. 

Shwezetaw 

Sandstones. 

Dark carbon¬ 
aceous shales. 

(*arboiiaceous 

shales. 

Dark reddish- 
brown fer¬ 

ruginous and ! 
carbonaceous 
shales. 

Dark shulch. 

, 7.S -80 

to E. 

80^ to E. 

1 

. Beam of solid 
lignite. 3' 0^ 

thick. 

I Tliiii InterlM'd- 
ded sea Ills of 

1 lignite *12'' to r 
a" thick. 

24. In tha Salin 

8. of Zab- 

yaw. 

25. In the salin B., 
S. B.ofZabyaw. 

Yaw Shales . 

Shwezetaw 

Sandstones. 

Dark earboii- 
aceoiLs shalo). 

Pale bluisii gri'y 
sandstones. 

Dark red fer¬ 
ruginous and 
carbonaceous 
shales. 

I.ight brow'n 

friable sand¬ 
stones. 

83 to 
vertical, 
to W. 

75“ to E. 

[ A group ol hi\ 
j thin scan UK of 

1 lignite \ai’>ing 

1 Irom 1' to 2' 9" 
thick. 

.HundstoncH 

1 with ltiU‘rl>cd- 
1 iH'd iiartings of 
' lignite 2 mm.— 
j wr thick. 

26. ?al6 Chaung 
near Alflywa. 

Do. 

Dark carbon¬ 
aceous sliales. 

Dark shales 

40' to E. 

beam of solid 
llgnlU* 1' 2" 
thick. 

27. Thanwin- 

gyaung Chaung. 

Yaw Stage . 

Dark black 

carbonaoeouB 
shales. 

Dark carbon¬ 
aceous shales 
with thin 

stringers of 
lignite. 

46’-4fl* 
to N. 

to E. 

Two seams of 
solid lignite, 

one 7i* atld the 
other 1' (T thick. 
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Locality of Coal. 

Geological 

horijEon. 

Rxxil'. 

Floor. 

Dip of 
seam. 

Nature and 
thickness of 
seam or 
seams. 

28. Bdamagyi 

8bwezotaw 

Hundaionoa. 

Pale bluiith 

grey shales. 

Grey shales 

46** to 

N. 80" B. 

Very shaly scan 
of lignite 8 
thick. 

29. Do. 

Do. 

Do. . 

Do. . 

Do. . 

Shaly seam ol 
ligmte 7' tbicli 

30. K.yw^-u Chauug 

Do. 

{‘arliouawoiis 
shale and pale 
greenish grey 
Pegu shales. 

i 

Dark temiginous| 
carbonaceous 
shales. 

60" to 

N. 80" B. 

Two seams c 
solid lignite 

one 41" am 
the other 11 
thick. 

31. Do. 

Do 

Dark carbon- 1 
aceous shales. 

Cail)onaccous 

shales. 

Do. . 

Seam of soli 
li^te 4" thicl 

32. Head of Kyw6- 
u Chaung. 

Yaw 8hulet> . 

Do. . 

1 

1 

Do . . 

52" to 

N. 70" B. 

Very shaly seai 
of lignite ( 
thick. 

33. /ial\a ('., L. of 
Kyai^'U. 

Do. 

Do. . 

Do. . 

i 

1 

50' to 

S. 70" W. 

Dark carbonao 
ous shales wil 
thin partings < 
lignite. 

34. Do. 

Do. 

Do. . . ' 

' Do. . 

1 

Nearly 
vertical. { 

Seam of sol 
lignite 1' < 

thick. 

35, Do. 

80. Do. 

IK), 

Shwezetuw 

1 suud-stones. 

i 

1 

Do. . 

Do. . 

j Do. . 

Do. . 

64" to 

S. 70" W. 

65"-67" to 
N. 

70*-80" to 
E. 

Four seams 
soUd Ugnit 

with the foJloi 
ing thick nessca 

2' 2"; 2" ; 5 

1' 6". 

Four seams of 
lignite with t! 
following thic 
nesses; 9 . 

7'; 2' 7"; and 

r 6". 

\V. ol KyaA-ii 
in the 'JVtoiiia 
Chaung- 

1 Yaw Shulesi . 

i 

1 

Do. . 

Do. . 

55" to 

N. 70" B. 

A group of 3 
seams of the 
following thick¬ 
nesses : 1' 3'; 

2' 7* • 2' 2". 

». S. \V. ol Ky\i^- 
11. 

1 

, Sliwezetaw 
Sandstoneh. 

Soft bundstoues 

Saiidsioues 

45" to 
N. 75" B. 

Thin seams of 
lignite a few 
inches thick. 

). In Uu‘ kui- 
mung>oii C., 

S.ft.W. ot Kin- 
imiiigyon. 

Do. 

i 

Dark earlKm- 
aceous shales. 

Daik shales. . 

60" to 
east¬ 
wards. 

Dark carbon¬ 

aceous shales 
with thin part¬ 
ings of lignite. 

). E. llauk ot 
the Nwama- 

taiuig Range 

H. W. of Ktn- 
niungyoD. (8cc 
Fig. 1.) 

Ytti' ShalcH . 

Do. . 

Do. . 

56*-70" 

toN. 

60"*70" to 
£. 

A group of 4 

aftamii of the 
following thiok- 

r 8" ;* 1' 9"; 
V 2"; most of 
these are com- 
poMd of solid 
Ugnite. 

1. E. flank of the 
Kgahlaingdwin 
anUoline neai 
A 1069. 

> Shweietaw 
Sandstones. 

f 

Do, . 

Do. . 

62" to 
S. 80" S. 

A thin asam of 
lignite 2" thick. 
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Locality of CoaL 

Geological 

boriiou. 

Hoof. 

42. W. flank ol 
Ngahlaingdwin 
antloline W. of 
A 1069. 

Shweietaw 

Sandstones. 

Sandstones 

43. Kyauk-o 

Yaw Stage. . 

Palo grey fer¬ 
ruginous shales. 

44. At the head of 
the Tanyauktin 
Chaung 8. W. of 
Kyauk-o. 

Do. 

Pale grey shales. 

45. B. flank of the 
Nwamataung 
Kange W. of 
Pyindin. 

Do. 

Dark carbon¬ 
aceous shalos. 

46. In the Paung 
C., 2 miles W. 
of Myaung-u. 
Nss flg. 2. 

Do. 

Do. a . 

47. On the west 
flank of the 
Nwamataung 
Bango and in 
the Liktwin C., 
14 miles £. of 
Pazaw. 

Do. 

Do. . 

48. In the 8. bank 
of the M6n C, 

1 mile 8. £. of 
Kyi-6n. 

Do. 

Shales . 

49. li m. N. E. of 
Kyida in the 
Yengan Chaung. 

Do. 

Dark reddish 
brown carbon¬ 
aceous shales. 

50. 14 m. N. E. of 
Kudaw. 

Do. 

Dark carbon¬ 
aceous shales. 

61. 2 m. E.N. E. of 
Pa-aing E. 

Do. 

Pale green soft 
friable sand¬ 
stones. 

52. 2 m. E. N. E. of 
Pa-aing E. 

Do. 

Bluish grey 

shales. 

63. If m. N. N. E. 
of Le-einzu in 
the Theyesan 
caiaung. 

Do. 

Light brown 

thin bedded 
sandstones. 

64. In the Man C. 
at Peinhnebin 

8 m. E. N. E. of 
Ngapd. 

Do. 

Carbonaceous 

shalos. 

65. W. of Kyauk- 
set, 1 m. N. of 
milestone 80, on 
main road from 
Minbu tol^p8 
(tads Ate 

8, flg. 2). 

Da 

Shales and 

carbonaceous 
clays. 



Nature and 
Dip of thickneM of 

seam. seam or 

seams* 


Soft sandstones 


60'*-66'^ Thin seams of 
west- lignite a few 

wards. inches thick* 


Contorted dark 
red ferruginous 
shales. 


Dark carbon¬ 
aceous shales. 


Nearly A group of 4 

vertical. seams of the 

following thick¬ 
nesses : T ; 10"'; 

ir. 

00^-65® Seam of soiid 

toE. lignite 2' 2" 

ttuck. 


Dark shales . 60® to E. Dark carbona¬ 

ceous sliulee 
with thin part¬ 
ings of lignite. 

Do. . 45°-50' to A group of 3 

N. 80' E. seams ol the 
tollowing thick¬ 
nesses : 1'; &' 

2" ; ir. 

Do. . . 30' to Stringers of lig- 

8. 80“ E. nite, V tliick. 


Pale grey shales Average Contorted seam 
dip— of lignite 1' 

22® to E. thick. 


Pale grey and 32® to i 8eam of hgnite 
dark reddish N. 55® E. 3' thick, 
brown shales. 


Shales and 
thin bedded 
sandstones. 

Soft sandstones 


Ferruginous pale 
bluish grey 
shales. 

Carbonaceous 

shales. 


Dark shales 


Ochreous and 
carbonaceous 
clays and 
shalos. 


3:r to Thin partings 

N. 70“ E. of ligniU* in 

dark <»rbona- 
ecouH shales. 

45 -50'' to Thin lenticular 

N. 70® E. stringers of lig¬ 
niU* in the 
sandstones. 

65® to 8eam ot lignite 

N. 65® E. 3' 3* thick. 


30® to 
N.60®E. 


55'-65® to 
N. 

55'-72® to 
E. 


Kuife*partings 
of lignite in 
carlmnaoeous 
shales. Oil see¬ 
page. 

Seam of shaly 
lignite 1' 6"' 

I thick; asso- 
I elated witli 2 
oil seepages. 

! A ^oup of 3 
j main seams 
I having the fol¬ 
lowing thick¬ 
nessesUpper¬ 
most » 3" (T. 
Intermediate 
4' 7", Lowest «« 
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Fio. 1.—■Coal 8cains, Tauktyabin ('baling; indicating how the same coal-seam is 
exposed more than once in the sumo stream. 


C 

a 



^ 2.—-Sketch plan showing lateral variation in the coal seams in the Paung 

Ciiaung 2 nules west of Myaung-u. {a) Coal-seam, not exposed at a.^ (6) Carbona¬ 
ceous Yaw stage shales. ( 2 ) Seam of solid lignite, 6' 2' thick, which can bo traced 
southwards from z-z^ for a distance of 432', is found at to have thinned to 3' 10^ 
ana to have diminished in quality, for it here contains a considerable amount of carbona¬ 
ceous shale as thin partings (c) Thin coal-seam 1' 2' which has the same thickness at 
® • (f) Seam of solid lignite 2' thick; this when traced northwards spbts into a 
thin western seam 1' 6"' and a thin eastern one of a thiclmess of 1/ 3^, carbonaceous shale 
for an extent of 3' separating the two. Further north the seam is covered up with 
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Fici. ,3. —K^'aukset coal area. »Sketch plan showing Jiow the main Jiitcrniediate coal 
seam thins from 4' 1 * at X to 2 ' O'' at Y in a distance of 55 yards. 

The coal seams are generally exposed only in the deep streams 
which cut across them. They are rarely seen 
coal-wams!*”^ outcropping on the mountain side, on account 

of the deep layer of talus and soil which covers 

up the rocks. Even when seen in the streams they are imperfectly 
exposed and occur in the midst of thick bamboo jungle through 
which it is frequently necessary to cut lines of access. The seams 
in each of the localities enumerated in the preceding table were 
cleared, and opened up by prospecting trenches and pits. The 
coal, as excavated from these seams, is a hard black lignite with a 
conchoidal fracture, and possesses the lustre and appearance of 

pitch. With this black lignite is sometimes associated, as for 
instance in the Kywe-u Chaung near Kywe-u, a yellow fossil resin. 
The lignite is also frequently covered with a white efflorescence 

consisting of sodium sulphate, and a canary-yellow iron salt. 

The roof and floor of the seams are composed either of soft 
Upper Eocene or Lower P^u sandstones, or 

reddish-T)rown Upper 
Eocene shales more or less decomposed into 
ochreous clays. The roof and floor are, therefore, distinctly bad 
and extensive timbering would be necessary. 
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An examination of the foregoing table will show that the thick- 

, ness of the seams other than those which 

Tnickness. , r • i i i 

are only a few inches thick vanes in general, 

from 1' 0" to 3' i". Near Kyaukset some 30 miles south-west of 

Minbu, See Plate No. 3, the main, seam attains a thickness of 4' 7" but 

dips at bfP. Only one seam was found to attain a thickness of 5 

feet; it occurs, as noted in the table above, in the Paung Chaung 

2 miles west of Myaung-u. 



Fio. 4.-- Kivr-foot' ( of tlio Pauiiji (’luuing 2 miles west of Mj’aung-u. 

(«) carbouaceouh shales; {h) and (</) lignite ; coal; (f) Yau Shales. 


The Ifurnuias f»{ Uie locality say that the seam was worked 
in the days of King Mindoii Min, when there was a cart track from 
it to the Moil lliver. and that tlie coal was sent down on rafts along 
that river to the Irrawaddi. 



K,«. 5. -df.i 3' 

l»Bod of SE. \ontiole8 of Ugnito 2 in.m. to 6' in 

thiokuoss of this bod 1 11 ; uip 
thioknosB. 

Five different types of coal-seam occur ^ong the Tazu-Ngape 
Coal-belt Type I consists of a seam of solid 
lignite free from shale; Type II is composed 


Types of Coal-seams. 
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of lenticles of lignite scattered through, a bed of dark carbonaceous 
shale (See fig. 6); Type III is the same as Type I except that it is 
characterised by a stratum of solid lignite along the base of the 
seam ; Type IV consists of an upper horizon of solid lignite above 
a stratum of carbonaceous shale through which are scattered 
numerous lenticles of lignite; finally Type V is composed of 
lignite which suddenly thins and thickens from point to point, so 
as to give the seam an almost nodular character. 


Kyaukset. 


IV.—QUANTITY. 

The total thickness of coal in the three horizons of the Kyaukset 
area is 9' 8". As the coal measures rather 
less than 40 cubic feet to the ton^, tor every 
1,000 feet of outcrop, to a depth of 20 feet, there are at least 4,500 
tons of coal available. 

The total quantity, however, is not large, for when the seams are 
traced for a short distance in either direction 
along the strike, they either thin out altogether 
or fray into a number of worthless seams only a few inches thick. 
Thus the uppermost main seam when traced along the strike, 
thins from 2' 9"^ to 1' 9^ of available coal in 102 yards ; while the 
intermediate seam rapidly diminishes from 4' 7" to 2' 9" in the 
short distance of 55 yards. 

This lenticularity of the seams is true, generally speaking, for 
the whole length of the Tazu-Ngape coal belt; the seams are mere 
lenticles of lignite which thin out altogether when traced for a short 
distance in either direction along the strike. Moreover, as the pits 
and trenches excavated upon them have shown that the coal seams 
frequently diminish in thickness a few feet from the surface, 
there is always the possibility that they may disappear in depth. 

A few of the most interesting cases of the lenticularity of the 
seams will now be given:— 

(i) The seam at (37) in the Tetoma Chaung W. of Kyw6-u 
when traced for a few yards along the strike diminishes in 
thickness from 3' 6" to 2' 2". 

(ii) Though the Shwezetaw Sandstones are very finely exposed 
as great bars of rock across the Thanat Chaung west of 
Tanyauktin not a trace of coal was observed in them. 

^ Figure kindly given by the Locomotive and Carriage Superintendent, Promo, 
Burma Railways. 
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It therefore appears that the coal seam of Kin- 
mungyon (39), further to the north, thins out altogether 
to the south, before this river is reached. Tliis may 
be because the Shwezetaw Sandstones to the south near 
Tanyauktin are of marine type, while as we proceed 
further and further north past Kinmungyon they become 
more and more estuarine, indicating that in the north, 
though not in the south, the conditions were favourable 
to the deposition of coal. 

{Hi) In the Paung dialing. 2 miles west of Myaung-u (see 
figs. 2 & 1) the 5' 2" seam lignite (Z), when traced to the 
south for 432 feet across the bends of the river, is 
found at (Z^) to have diminished in thickness to 3' 10". 
In the same river the 2' seam of lignite (f^), when 
traced a few yards to the north, is seen to split into two 
seams (f^ f^) one of which (f^) is 1' 0" and the other 
(f^) r 3" thick, these being separated by a thickness 
(b) of 3' of dark carbonaceous shales. 

{iv) Interesting cases of the lenticular nature of the coal-seams 
occur near Kyaukset. 



V.—QUALITY. 

The coal of the several seams is poor in quality for it consist.s 

ill every case of lignite, the grade of which 

Varying quality In lessened bv the incorporation of consider- 
tnc same seam. • ‘ r i 

able quantities of carbonaceous shale and sand. 

The quality of the coal, moreover, at different jioints between the roof 

and the floor of one and the same seam often varies considerably. 

Hand-picked coal was analysed by the Burma Oil and the British 
Burma Petroleum Companies with the following results :— 


Locality of ('oal. 

Aiml>"st. 

Mohsture. 

1 

Ash. 

Inter mediate 
Mam eoab^eam 
near Kyaukset. 

n. 0 . C. 

10 59 

4 58 

Coal from 
Kyaukset. 

B. B. V.C. . 

7 50 

408 

Near Kinmun¬ 

gyon (collected 
by Mr. G. U. 
Tipper). 

G.S.I. 

484 

5-6:1 


carbon, mutter. Sulphur, ('aloriflc value. 


10-69 

48-73 


Two-thirds 
that of 

Bengal coal. 

52-82 

, 35-51 

2-55 

5,750 calories 
or 10,350 B.T. 
u. s. approx. 

54-64 

34-80 
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It will be seen that the moisture and ash contents of the hand¬ 
picked coal of Kyaukset are both favourably low. The following 
are results from average samples obtained by channeling across the 
cleaned faces of the seams, the coal being well mixed and subse¬ 
quently coned and quartered : 


Locality of Coni. 

Annlyst. 

Moistwn*. 

^ Ash. 

Fixed 

carlion. 

A^)lat ile 
matter. 

Sulphur. 

Caloritle vahu*. 

Tl ppcrmost Afaiii 
seam at (y) 
KyaukRCt. 

(}.S. T. 


22-44 

(Bjtht 

hrown). 

2.A-42 

( 

2000 

1 


Uppermost Mam 
scam at (B) 
Kyaukset. 

Do. 

2(e44 

14 07 
(liKht. 
brown) 

2.*i 10 

40 

1 

o-r)3 


Intrrmedintt' Main 
scam at (x) 
Kyaukset. 

Do. 

2ft-32 

29-82 ' 
, (brown). 

12 04 

1 

3002 

1 

I 

Lowest Main 

scam at (q) 
Kyaukset. 

Do. 

13-70 

j 10-70 
(blown). 

1 

:50-24 

30-30 



Myauns-u . 

('luMuiea! 
KXHiiiiiiei to 
the (t<»\ern- 
nieiit ol 

Burma 

.A :.ti 

14-t»ft 

.%4 32‘ 

2<; 00 


10,311 British 
'rheimal uuit.s. 

.'♦0. Kyauk-o 

J)o. 

12-20 

12 27 , 

4« :53 

20-20 


H,02H British 
Thermal units. 


It is of interest to compare the average romposition of tlie coal 
of the Tazu and Letpanhla Coal-fields^ with that of the coal of the 
Tazu-Ngape belt. 


IIII 

1 

Average percentage of the constituents. 

Tazu and Loi- 
panhla coal-fields 

Tazu-Ngape coal 
bolt. 

Moisture . ... 

18G9 

1 17-88 

Ash . ... 

11-33 

18-87 

Fixed carbon .... 

35-84 

32-40 

Volatile matter .... 

4 

3413 

j 

30-82 


1 The fixed carbon content of the eeam at Myaunpr-u is exceptionally high; it i« the 
oidy ooal Beam, along the belt between Ngap6, which hae a fixed carbon content of 

a ito. Oed. 8vfv. Ini., Vol. XUV, p. 182. 
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From the above table it will be seen that the coals of the belt 
between Tazu and Ngape are inferior to those of the Tazu and 
Letpanhla coal-field examined by Mr. Cotter and found to be of no 
present economic value, while the coals of both the above areas are 
far below those of Bengal in quality. 

The calorific values of the coals of Letpanhla and Tazu, and 
of the coal belt between Tazu and Ngape, are shown in the following 
table;— 


Locality. 

Calorific value of coal. 

Tazu and Letpanhla fioldfl. 

4,499-^4,8351 

Coal between Tazu and Ngape. 

3,913—4,610 


The calorific value of the coal from between Tazu and Ngape is 
therefore inferior to that of the coal of the Tazu and Letpanhla 
fields, and is only about two-thirds that of Bengal coal. 

The percentage of sulphur in those coal-seams between Tazu 
and Ngape, which have been analysed for this constituent, varies 
from 0*52 to 2-50. The sulphur in the coal of the Tazu and Letpanhla 
fields wavS found to be 2*285—5*628 per cent^. As iron pyrites is 
seldom seen in the coal between Tazu and Ngape, the sulphur con¬ 
tent has probably been derived from the needles and thin plates of 
selenite which occur in the joints traversing the seams. To sum 
up, therefore, the quality as shown by chemical analysis, of average 
samples of the coal from between Tazu in Pakokku and Ngape in 
Minbu, is not good. 

Although large coal can be won from the seams, owing to rapid 
loss of moisture, it disintegrates when exposed 

.tm!Sp"heric‘lx7o.ure.‘’" breaking up into small coal. Some 

of the lumps which have not actually fallen 
to pieces do so on being touched; there would therefore be consi¬ 
derable loss in handling. 

The Deputy Locomotive Superintendent gave the first LO tons 

. lot of hand-picked Minbu coal selected from 

LocomoUre trials. i . . . . • i , 

near Kyaukset, a test on a train between 

Rangoon and Letpadan. He reported that in the first trial the coal 


* Q. de P. Cotter, Rec. Oeol, Surv. Ind., Vol. XLTV, p. 183. 
•Ibid. 
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burned freely in the fire-box and that there was no difficulty in 
keeping up steam and running to time. It was not found necessary 
to clean the fire between Rangoon and Letpadan, the distance 
between these two places being 77*25 miles. The pricker/’ how¬ 
ever, was used at Hmawbi, 24*75 miles from Rangoon. The “ drop- 
grate ’’ was not opened until Taikkyi had been reached when a 
distance of 41*45 miles had been traversed. At Letpadan two large 
pieces of clinker ” were removed from the “ drop-grate ” close 
to the “ tube-plate ’’ the rest of the fire being clean. It was found 
that the fire-irons could not be used much or the whole fire would 
have been knocked through the grate with a 1-inch air space, which 
is the same as that employed for wood fuel ; with Bengal coal an 
air space of 1*375 inches is used. There was no trouble with black 
smoke and the ashes were comparatively free from unburned matter. 
The coal used in this trial consisted mostly of large lumps which 
had been hand-picked from smaller material at the mine itself. 
This trial gave the high consumption of 06 lbs. per train mile against 
45 lbs. for Bengal coal. By fitting a brick-arch to the fire-box of 
the locomotive in a second test between Rangoon and Prome the 
consumption was diminished to 55 lbs. ; the fire needed cleaning at 
Taikkyi and Zigon. 

During an additional trial between Letpadan and Prome in a loco¬ 
motive fitted with a brick arch and a grate with a one inch air space, 
with an average bulk sample of the Kyaukset coal collected by 
myself, the consumption rose to 77 lbs. to the train mile; fifteen 
minutes were lost on account of shortage of steam, while there was 
a great deal of “ clinkering ” and loss due to the small size of 
the coal. 


Exploitation. 

The coal belt is a feverish area, and labour expensive. From 
the Irrawaddi to the Tazu area is some 60 miles, to the Ngape area 
35 miles, and to a point half way between 40 miles. Existing roads 
are bad. The quality and quantity of coal available does not justify 
either (a) the expense of laying a light tramway over the difficult 
country which intervenes between the occurrence and the Irrawadi 
River, or (6) extensive repairs to the Public Works Department main 
road, which crosses numbers of streams, all of which would have to be 
bridged. 
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Economic Value. 

From the foregoing facts it is clear that the coal seams between 
Tazu and Ngape are not as good as those of the Yaw River section 
in the Pakokku district, which Mr. Cotter found not to be of 
present economic value.^ I was informed in Rangoon that the 
cost of delivering one ton of Minbu coal in Rangoon for a locomo¬ 
tive test was Rs. 50. Rates of Bengal coal delivered in the 
Locomotive Yard, Rangoon, were : 


Year. 

Rato per ton. 







Rs. 

A. 

r. 

1912 






11 

4 

0 

1913 






14 

0 

0 

1915 






14 

0 

0 

1918 






16 

0 

0 

1917 






20 

0 

0 

1918 






35 

0 

0 


Prices have fallen since the end of the war, and the lignitic 
coal of the Yoma belt is not likely to he able to compete with that 
of Bengal, the former having a calorific value of only two-thirds 
that of the latter. Thetc is no local demand, since the villagers 
living in the neighbourhood j)refer wood, of which there is an ample 
supply for domestic juirposcs. 

1 Rec, Ocol. Surv. Ind., Vol. XLIV, p. 28.' 


EXPLANATION OF PLATE. 

Fia. 1.—Sketch Plan of the Kyaukset Coal area, 30 miles S. W. of Minbu. 
Fio. 2.—Map of the country between Letpanhla and Ngape, Burma. Scale 
1 inch ^ 14 miles. 
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Observations on “ Physa Prinsepii,” Sowerby and on 
A Clionid Sponge that Burrowed in its Shell. 
By N. Annandale, D.Sc., F.A.S.B., Zoological Survey 
of India. (With Plates 4 and 5.) 

BIOLOGICAL INTRODUCTION. 

I N the Intertrappean (late Cretaceous) bed>s of India shells that 
have usually been assigned to the genus Physa, Drepamaud 
are abundant. Indeed, in the wide-spread paludine deposits of this 
age in the Central Provinces certain gigantic forms hitherto known 
as Physa prinsepii have provided the commonest and most conspi¬ 
cuous fossils. Similar shells have also been found in beds believed 
to be of approximately the same age in Central India, eastern Madras 
and Baluchistan. The shells are associated in Ihe Central Provinces 
with fossils of freshwater and terrestrial genera, while those from 
other parts of India have been found wdth the remains of estuarine 
and even exclusively marine organisms. Hitherto all the larger 
specimens from the different localities have been regarded as 
representing a single species, with at least one variety, elongata, 
Hislop. I am of the opinion, however, that the latter is specifically 
(indeed, probably generically) distinct, while it seems to me to be 
possible to distinguish both a true freshwater race (the forma typica) 
and an estuarine race of the species prinsepii. For the latter race I 
propose the subspecific name enryhalinus. Certain smaller shells 
to which names have been given (P. dvibia and P. intermedia, Hislop 
(MS.) and P. hishpiana, Oldham) I believe to be merely young 
shells of elongata or prinsepii, while Hislop’s var. inflata I regard as 
a dimorph of prinsepii. 

Shells of the Physa type, which is not unlike that of Limnaea 
but sinistral instead of dextral, are always hard to place in their 
proper taxonomic position, because of the difficulty of distinguish¬ 
ing between those of the genera Physa and Aplecta of the family 
Physidae on the one hand and those of the genus Bullinus of 
the family Planorbidae on the other. I know of no definite structural 
character whereby shells of the two families can be distinguished 
invariably, and yet the radulae and soft paarts are very different. 
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In identifying fossils, therefore, it is necessary to rely on comparison 
with recent species of known anatomy and on geographical con¬ 
siderations. The latter are a dangerous ground on which to build 
in reconstructing the fauna of past epochs, but may be used with 
due caution in discussing genera of which the present geographical 
range is well known and well understood, as is that of the Physidae 
and the Bullininae at any rate so far as the Old World is concerned. 

The Physidae are Holarctic and probably Neotropical, well 
represented in Europe and North America and less so in the im¬ 
poverished aquatic fauna of northern Asia. The Planorbidae are 
cosmopolitan, but Bullinus is essentially Ethiopian, Australasian 
and, to a limited extent, Oriental. Species of Physa and of the allied 
genera Ajilecta occur round the Mediterranean and Aplecta is common 
in Central America, while the range of Bull inns extends well into the 
Mediterranean sub-region. The few shells of this type known from 
South America have been assigned to Physa. Physa, in other words, 
is (in the Old World) primarily a northern, non-troj)ical genus, 
while BuUinus is a southern, tropical one. The two genera meet 
in the Mediterranean ba««in, but not elsewhere. 

One of the anomalies of Ihe living freshwater fauna of India 
and the adjacent countries on the mainland of Asia is the apparent 
absence of molluscs with the Physa type of shell. Physa and Aphcta 
could hardly be ex})ected to occur, but why is Bnllinus absent ? 
The senus is well represented in Africa, it is the dominant genus 
among the living freshwater Gastropods of Australia, whence over 
fifty species have been described ; several species are known from 
the Malay Archipelago. But the few records of the existence of 
“ Physa ” in India at the present day fail on investigation to be 
substantiated. 

The most definite of these records is enshrined in a specific 
name, viz,^ Physa coroniandeliana, Dunker; but as von Martens^ 
has pointed out, the specimen to which this name was given repre¬ 
sent^ in all probability an Australian species of BuIUpus. E. A. 
Smith^ has shown even more definitely that this is so with 
P. aliciae, Reeve, stated by Sowerby to be from India. The only 
other published records that I have been able to tract refer to the 
peculiar genus Camptoceras, Benson, which has been united with 
Physa by some authors. With this genus I will deal immediately, 

‘ von Martens in Weber’e Zoot. Ergtbn. Rein NeederL Ost-Ind, IV, p. 7 (1897) 

’ 9inith, Journ, JAnn, Soe,^ Zool p. 293 (1882), 



52 


Records of the Geological Survey of India, [VoL. LI. 

but I musit first dtate that there exist in the Indian Museum several 
small shells from different parts of India labelled “ Physa sp.” and that 
all these are merely young shells of the common Planorbis exustus,^ 

Camptoceras consists of four Indian and one Japanese species 
with sinistral shells of a very peculiar type. Some doubt exists as 
to its tme taxonomic position. Walker^ considers it an ally of 
Planorbis (and therefore of Bullinus), while Dr. Baini Prashad 
and I® saw reason to associate it rather with Ancrjlus. However 
this may be, it cannot be assigned to Btdlinus and is certainly 
not related to Physa, 

We may take it, therefore, as a fairly well established fact that 
BuUinus does not live in India, and no evidence exists that Physa 
ever did so. The survival of BuUinus as a li\nng genus in the Malay 
Archipelago on the one hand and in Africa and South-western 
Asia on the other provides a strong presumption that this genus 
once occurred in intermediate territory. When the shells of prinsepii 
are compared with those of Mesopotamian and Australian species 
the presumption becomes practically a certainty. The position of 
elongatus must be left doubtful for the present, but it was probably 
not very remote from that of prinsepii. These points will be dis¬ 
cussed further in the systematic part of my paper, but aSFfiiming 
for the present that the Indian fossil species belong to BuUinus, 
it may be pro6table to enquire why they became extinct. To do 
po it is necessary to consider the conditions in which they lived. 
These probably differed somewhat in the habitats of the three 
forms here recognized, namely B, prinsepii, B, prinsepii euryhalinus 
and B. (?) elongatus. We may deal with each form separately. 

The environment in which the typical B, prinsepii flourished 
was evidently paludine rather than lacustrine or fluviatile. The 
stone in which its shells abound is often full of fragments of vegeta¬ 
tion, among which CSharaceae have been identified. In specimens 
from the neighbourhood of Nagpur the vegetable remains are in a 
state that suggests their having been partially decayed before being 
fossilized, the shells are all more or less broken, many of them contain 
the remains of smaller shells of other families, and the structure of 
the Stone, apart from crystalization, resembles that of the mud of 
the bottom of a shallow pool or marsh choked with submerged 

^ Annandale, Bee, Ind, Vua, XJV, p. Ill, pi. xi, 1, la. 

* Walkor, Occ, Papers Mus, ZaSt, Unv, Michigan, No. ^ (1919) 

> Annandale and Prashad, Jmm, As, Soe. Bengal (n. b.) p. 457 (1919) Since thiB 
was written 1 have been able to examine living speoimenfi. which confirm Walkeris view. 
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vegetation decaying as well as growing. The shells of Gastropods 
are those of both freshwater and terrestrial genera. The great size 
of B, 'prinsepiiy as well as its abundance in these beds, proves that it 
must have had not only abundant food, presumably of a vegetable 
nature, but ready access to air in shallow water, for among the 
Pulmonates it is only very small species of Limnaeidae and 
Planorbidae that can live in deep water and obtain oxygen from it. 
The habits of B. primepii must, indeed, have been very similar to 
those of Pachylabra glohosa (Amjnillariidae), the mollusc that has 
taken its place as the giant among the gastropods in the fauna of 
freshwater pools in India. P, globosa, though not a Pulmonate, 
resembles tlie larger aquatic Pulmonates not only in possessing a 
lung and in being mainly a breather of air but also in living in 
shallow water. It frecjuently rises to the surface to brcatlie and 
eats large quantities of water-plants and is only found in those 
districts in which an abundant food-suppl)^ of the kind exists. Its 
natural habitat is in shallow pools or swamps and when these dry 
up it buries itself in the mud and awaits the return of the floods. 
Many individuals, however, die annually in the dry season, either 
through exhaustion or from some other cause, and quantities of 
empty shells are always to be found at the edge of pools of water 
frequented by the species. From the great abundance of shells of 
B. primepii in the Nagpur beds, from the condition of these shells, 
and from the fact that they often contain smaller shells unrelated 
to them, it seems to me jirobable that the same phenomena occurred 
in tlie bionomics of this fossil mollusc. 

The race euryhalinus of B, prinsepii probably lived in a somewhat 
different habitat from the fonna typica. It is found, possibly in 
Madras and certainly in Baluchistan, associated with estuarine or 
marine organisms and the extreme variability of its shell suggests 
that the conditions in which it existed were to some extent abnormal. 
This variability is precisely parallel to that which occurs in recent 
shells of B, contort us in the estuarine tract of Lower Mesopotamia.^ 
At Mazar Drik in Baluchistan the fossil shells themselves provide 
strong evidence of a marine, or at any rate an estuarine^, habitat in 
that they are partly destroyed by the burrows of a Clionid sponge 
and retain traces of oyster-spat and the tubes of Serpulid worms on 

» Annandal«, Rec, Ind, Mas, XIV, p. 167, pi. XX, figs. 6-11 (1918). 

* A spongo of this family {C, cdaUi) is found in shells of Cymia and Osiraea in braokish 
water in the Chilka Lake, while Serpulid worms as well as o^^ters are often abundant 
in Indian estuaries and lagoons containing water of oomparatively low salinity. 
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their surface. The race probably lived in shallow pools of brackish 
water in the delta of great rivers or in maritime lakes and may 
occasionally have become acclimatized in shallow bays of the sea in 
which some such plant as Zostera flourished. 

Shells of JB. (?) elongatns have always been found with those of 
the tj^ical form of B. prinsepii, but all that I have examined have 
been much worn on the surface, even when not mere casts, as well 
as being broken, and it is possible that they may have had a fliiviatile 

habitat and been carried in floods to the beds in which they were 

finally preserved. 

B. prinsepU must have possessed a certain adaptability in accli 
matizing itself to abnormal conditions in the chemical composition 
of the water in which it lived, but it was, as is shown by its great 
size, a highly specialized form and as such probably unable to modify 
its feeding habits. It is improbable from the state of its fossil 

remains that it was completely wiped out by volcanic or other 
cataclysms. Species rarely disappear for such reasons, and the 

freshwater molluscs in particular, so long as conditions are suitable 
for the sui*vival of the race, have a reproductive vigour that makes 
it possible lor a very large proportion of the individuals to perish 
without endangering the continued existence of the species. It 
is not difficult, however, to believe that even a comparatively slight 
change in circumstances would be liable to render a country unsuitable 
for the continued existence of species that had assumed relatively 
gigantic proportions. Pachylabra is absent from certain Indian 
districts (e.g., the vicinity of Hyderabad, Deccan) well within the 
boundaries of its range, and it seems improbable that it never 
penetrated into them. The only traces of the genus that I have 
seen from the Punjab are apparently subfossil remains from the 
Salt Range. 

I believe, therefore, that Bullinus disappeared from India and 
the neighbouring countries, because, in a period exceptionally favour¬ 
able to its activities, it grew to so groat a size that it was unable 
to survive when conditions became slightly less favourable. The 
genus survives in regions in which conditions were never so favour¬ 
able, namely Africa, the Malay Archipelago and especially Australia, 
because in those regions it has never become too large to be content 
with an environment a little less favourable. 

Before proceedhig to describe the species and races of Bullinus 
found in the late Cretaceous beds of India, I must express my thanks 
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to Mr. E. Vredenbiirg of the Oeological Survey of India, who has 
placed his knowledge of the bibliography of Indian palaeontology 
at my disposal in the most generous manner. Without his help 
it would have been impossible for me to have ventured so boldly 
on an unfamiliar field. It has been a great pleasure to me to colla¬ 
borate with the Geological Survey of India in helping to identify 
its rich store of fossil organisms, all the more so that Mr. Vredenburg 
has hiiiihclf done the same service for the Zoological Survey of India 
in working at our collection of recent marine shells. I am convinced 
that one of the great dangers to which all branches of biology are at 
present ex})osed is that of being buried beneath the accumulation of 
separate fragments of information produced without reference to cog¬ 
nate subjects, vast in their bulk, chaotic and void of significance. 
And the only remedy open to human limitations is true scientific 
co-operation free from personal and departmental jealousies. 

SYSTEMATIC DESCRIPTIONS. 

Fam. Planorbidae. 

Bullinu?, Adanson. 

17r)7. BuJnim, Adanvson, Po?/. Senegal, CoquilUtges, p. 5, pi. i, 

1815. BuHinin^y Oken. Lehrh. yainrqesch. 111, p. 503 (/. Hc»dJc} ). 

1830. Iftidora, Ehrenbcrg, Stjmh. Phys. (imptiged). 

1882. Phym, Smith {n(c Dropamaud). Jovrn. Linn. Svr., ZooL, XVI, p. 290. 

1887. Plalyphyaa, Fischer, Man. Conchyl., p. 810 (iih a subpenus of Bullinvs). 

1906. Bulinus. Pclsencor, in Laiikoster’s Treatise on Zoology, V, (Moll.), p. 1S5. 

1913. Bullinm* & Ltidora, Hedley, Bee. Aufftr. Mui* Xll, p. 3, plates. 

1918. Bullinns, Annandale, Bee. Ind. Mui<. XV, p. 107. 

The name Isidora is used by some authors instead of Bullinus, 
while others again regard the former as that of a distinct genus or 
subgenus. The name here adopted was originally written Bulinns, 
but I have given reasons for accepting “ BitUimis ” in a recent 
paper {op. cif., 1918). 

^ Bullinus prinsepii (Sowerby). 

1833. Silicified foauil shell, Spilsbuiy, Jo«n?. As. Soc. BengalJl, p. 205, pi. xx, fiqe, 
3,4. 

1833. Fossil shell, Spry, ibid, p. 640, pi. xxvi, fig. 

1839. Fossil shells (in part), Spilsbury, ibid, VllI (2), p. 709, pis., figs. 1, 2, 4. 

1840. Physa Prinsepii, Sowerby (in Malcolmson), Trans. Oeol. Soc., London (2) V. 

pi. xlvii. figs. 14, 15 (not 16). 
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I860. Physa Prinsepii (varr. nonndlU and inflaia), Hislop, Quar. Joum. Qeol. 8oc 
London^ XVI, pp. 173, 174, pi. v, figs. 23a, 23d. 

1860. Physa Prinsepii, P. tvmida and JP. hislopinna (in part), Oldham, Mem. Qed. 
8urv, Ind. II, pp. 212, 213. 

1879. Physa prinsepii, Modlicott & Blanford, Man. OeoL Ind. I, pp. 315,318, pL xiv» 
fig. 2. 

1884. Physa Prinsepii, Noumayr, N. Jdhrb. Min. J, pp. 74—76. 

1907. Physa Prinsepii, Vrodenburg, liec. Qeol. Svrv. Ind. XXXV, p. 115 (in part). 

The shell is very large^ and was apparently rather thick. It has 
6| or 7 whorls, but the apical whorl or half whorl is minute 
and often disappears. The outline is rather variable, but always 
accumulate and rather narrowly ovate. Internally the shell appears 
to have been perforate, but the umbilicus is completely covered 
by the columellar callus. The suture is linear, a little impressed 
and slightly oblique on the spire but becoming more so above the 
body-whorl. In worn specimens it appears much deeper than in well- 
preserved fossils. The external surface is usually worn smooth, but 
where it is well preserved numerous coarse and well-defined transverse 
striae can be detected and also remains of narrows flattened, curved 
and sinuate longitudinal ridges. The latter run parallel to one 
another and are separated by spaces broader than their own diameter; 
they were probably conspicuous on the living shell. Tlie first 4 
(or 6 ) whorls increase gradually and uniformly, while the fifth or 
penultimate complete whorl becomes, mainly owing to the increased 
obliquity of the suture, suddenly much larger and is considerably 
deeper on the inner than on the outer side of the shell. This 
feature is sometimes greatly exaggerated and the whorl assumes 
a tumid appearance as well as being exceedingly oblique. 

The body-whorl varies somewhat in breadth but is never so 
swollen as in some species. In dorsal v%w it is oblique. On both 
sides the profile is arched and regular. 

The mouth is narrow and elongate and does not project much 
from the body-whorl in ventral view, though its main axis is nearly 
parallel to that of the shell. It is narrowly oval, with the anterior 
extremity narrowly rounded and the posterior end hardly pointed, and 

^ Much the largest speoimen I have seen was recently collected by Dr. C. A. Matley at 
Pisdevi in the Central Provinces in association with Dinosaur remains. It is imj^eilect 
and very badly preserved Inifc must have been at least 9*5 cm. high and 6 cm. broad 
when complete. Its mouth is 7*5 cm. high and 4 cm. broad. The condition of the 
specimen is such that a precise identifica&on is impossible, but shells of normal size 
that oertainljr re|in^Bent either the typical form of B prinsepii or its race euryhalinus, 
were found with It. 
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is usually at least three times as long as broad. Its upper extremity 
is situated some distance below the upper margin of the body-whorl. 

The columellar callus is well developed and has the form of a 
flat plate adherent to the shell. In a line proceeding forwards from 
the occluded umbilicus it is raised in a longitudinal pleat as though 
to preserve an open communication between the internal channel 
of the column and the anterior extremity. Whether this tunnel-like 
canal remained open is, however, doubtful. The columella is nearly 
straight and not at all twisted. It merges gradually into the lip 
anteriorly and in perfect specimens cannot have been truncate as 
Hislop’s figure {op, cit., 1800, pi. V, figs. 23a, 23d) would seem to 
indicate. 

Individual variation in this race does not seem to have been 
of an extreme kind. Shells fall into two series equivalent to Hislop’s 
var. normalis and var. injlata respectively, but neither is well defined 
in the typical form and the differences are not very great. The 
case seems to be one of dimorj)hism, similar to that recently de¬ 
scribed in Limnaea hactriana^ from Seistan. 

Distribution, — B, prinsepii (s. $,) is abundant in all the paludine 
deposits in the Central Provinces of the intertrappean period, and 
Mr. Matley has found it in beds he believes to Intertrappean. It 
is, as already stated, invariably associated with freshwater and 
terrestrial organisms. 


Race EURYHALINUS, nov. 

1907. Phyita prinsepii, Holland, Pec, Oeol. tSurv. Ind. XXXV, p. 56. 

1907. Physa Prinsepii, Vredenburg, ibid,, XXXV, p. 116 

1908. Physa Prinsepii, id,, il}id,, XXXVI, pp. 176, 178, 193. 

The constant differences between this race and the forma typica 
are small and difficult to estimate owing to differences in the nature 
and results of preservation, and in the type-series the surface is 
much better preserved than in any specimens of the forma typica 
I have seen. Most of these latter are, indeed, little more than 
casts. It seems worth while, however, from a biological point of 
view to recognize the two races. Perhaps the most characteristic 
feature of the new race is the extreme individual variability dis¬ 
played by its shells. Their dimorphic chai||cter is also better dis¬ 
played than that of the forma typica, though of exactly the same 


I See Annandale and Pradbad, Bee. Ind. lint. XVIII, p. 45, pi, v, figs. 1, 2. (1910). 
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nature. Both phenomena are better shown in the figures on plate 
V than can be expressed in words. True individual variability 
consists in this race mainly in differences in the form of the spire, 
while the dimorphism affects the degree of inflation of the last 
two whorls. The latter is due not to any fundamental difference 
in structure, but to abrupt changes in the direction of the spiral 
of the shell in the course of growth. 

The constant differences between the two races are that the suture 
is always less impressed and usually still more oblique above the 
body-whorl in euryhalinus, which has the outlines more rounded and 
the body-whorl as a rule more compressed. The columellar callus 
is broader and coarser and the longitudinal canal beneath it better 
developed. The surface of the shell may also have been smoother, 
but the longitudinal ridges were w^ell developed. There is no re¬ 
duction in size. The measurements of shells of the type-series are 
as follows:— 


Measurements of Shells (in millimetres) of Bidlirnis prinsepii eunjhalinus. 


Height. .... 

70 

70 

76 

70 

72 

(H 

Breadth .... 

42 j 

45 

41 

41 

40 

32 

Height of mouth 

46 

52 

t 

42 

46 

43 

42 

Breadth of mouth . 

25 

25 

1 

25 

22 

IS 

18 

Length of spire^ 

15 

1 

21 

11 

21 

13 


These shells have been selected not only for their goojJ preserva¬ 
tion but also to illustrate the range of variation. The first three 
are of the inflata, the last three of the normalis type. The measure¬ 
ments are far less discordant than the outlines and the former do not 
fully illustrate the variations of the latter. The proportion of 
breadth to height in the inflata type is 1 : 1-66—1*85; in other words 
the height is from 1J to 1| (approximately) the breadth; in the 
normalis type the corresponding figures are 1: 1*7—2*0, and If 
to twice. The height of the mouth to the total height in the inflata 
type is 1 : 1*34—1’77, the total height being thus from about IJ 
to If that of the mouth; the corresponding figures in the other 
type are 1: 1-52—1’67, and 1^ to If. The proportion of the breadth 

’ Measured from the central point of tbe suture on the dorsal surface to the apex 
of the shell in a straight line* 
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to the height of the mouth perhaps shows a slightly greater difference 
in the two types; in the injlaia type it is 1 ; 1*64—2*08, 
in the other type 1 : 2*09—2*38; the height of the mouth, therefore, 
in the former type varies from 1|- to 2 times the breadth, and in 
the latter type from 2j^ to 2f times. The greatest difference capable 
of being illustrated by these measurements is, however, that in the 
proportion of the width of the mouth to that of the whole shell. 
This varies in the injlaia type from 1 : 2*8 to 1 : 3*04 and in the normal 
type from 1 : 3*18 to I : 4, i.c., the breadth of the shell is from 2f 
to 3 times the breadth of the mouth in one t 3 rpe and from 3j to 4 
times in the other. In other words the mouth is narrower, as might 
bo expected, in the normal than in the inflated type, the difference 
in the actual proportions of the body-whorl being concealed in the 
measurements of the height and breadth of the whole shell by 
uncorrelated differences in the proportions of the spire. 

All those measurements and proportions are based on shells 
from Narsingarh in Central India, in the Intertrappean estuarine 
beds of which they are particularly well preserved. I do not think 
that results from the measurements of shells from the other estuarine 
beds would be materially different. 

TypC’series. No. —a-h. G, S, L 

Distribution.—-The type-series is from S. E. by S. from Kankeria, 
Chapera tahsil, Narsinghar, Central India (Middlemiss^ coll.). I 
have also examined s])ocimens from Kateru, Rajahmundry, Godaveri 
district, Madras Presidency {G. de P. Cotter coll.) and from Mazar 
Drik, Baluchistan (NoetUng coll.). Vredenburg^ has discussed the 
age of the beds where these last specimens were obtained and con¬ 
cludes that they are Maestrichtian. The specimens from Baluchistan 
were found with tme marine organisms and others were actually 
parasitic upon them. Shells were found at Kateru also associated, 
though not so intimately, with estuarine organisms. The Geological 
Survey, however, have hitherto believed the series from Narsinghar 
to be from true freshwater beds. Further evidence on this point 
would be welcome. The beds in Madras and Central India where 
the series were found are believed to be of approximately the same 
age as those at Mazar Drik. 

Affinities of Bullinits prinsepiL —Different opinions as to the 
aflinities of this important and conspicuous species have been 

* Soo Holland, iZer. Oeol. Snrv. Ind. XXXV, p. 50 (1907). 

* Vredenburg, Rtc, Oed. Surv. Ind. XXXV, p. 114 (1907). 
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expressed. Indian geologists have been content for the most part 
to let it rest in the genus Physa, but Neuma 3 rr (Zoc. cit. 1884), 
who had apparently not seen specimens, went further in attempting 
to establish specific affinities with North American species. He 
was of the opinion that P. prinsepii was closely related to the late 
Cretaceous North American species P. copei, White^ and had a rela¬ 
tionship of a more general kind with certain species from the Oli- 
gocene of London and Paris. That there is a similarity of facies 
between all these species cannot be denied, but the resemblance 
is very little if any closer than that between certain living Palaearc- 
tic species of Apleda (Physidae) and certain living Australian and 
Malaysian species of Bullinus. I believe it to have been purely 
convergent. Neumayr was concerned to prove the contemporary 
date of the different deposits to which he referred and in the abund¬ 
ance of Acella (Limnaeidae) in the Intertrappcan beds he found a 
strong resemblance between these beds and others believed on other 
grounds to be of similar date in other countries. Acella, however, 
was probably a cosmopolitan genus for a long period of time, 
for a single species still survives in North America, and among the 
fossils of the paludine deposits of the Central Provinces I have as 
yet found no freshwater Gastropod shell except those of Bullinus 
that cannot be at least compared with living Indian species. 

Fischer (Zoc. cit,, 1887) took a different view of the taxonomic 
position of B. prinsepii. He placed it in the genus Bullinus and 
the family Planorbidae but erected for it a new subgenus, Platyphysa. 
His statement, however, shows that he had been misled by Hislop’s 
incorrect figure into thinking that the columella resembled that 
of the African genus or subgenus Physopsis. 

The only other character to which he refers, apart from the 
gigantic size of the shell (namely, the broadening of the last whorl 
near the suture) is found in many specimens of Bullinus contortus, 
the most widely distributed of the recent species. 

In outline and general structure, but not in dimensions, the shell 
of B, prinsepii closely resembles that of this living mollusc, and it is 
noteworthy that in circumstances similar to those in which the 
estuarine race of the fossil species probably lived, B. covdortus 
exhibits a very similar type of individual variation and develops 
a comparable form of shell-sculpture (see plate B 2., fig. 9.) B. 
contortus has not the wide, plate-like columellar callus of B. prinsepii 

1 White, Ann. Bep. U. 8. Qtol. 8urv, 1878, p. 84. pi. xxii, fig. 1. 
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and its umbilicus remains narrowly open. The peculiar callus is, 
however, well developed in a living Australian form {B. hainesH var. 
crebrecilliata, T. Woods) in which the channel below the plate is 
clearly indicated in Hedley’s figure {op. cit., pi. ii, fig. 19; 1913). 

In every respect the shells of B. prinsepii seem to me to be more 
like those of B. contortus and the Australian species of BulUnus 
than they are to recent and fossil species of Physa and Aplecta.^ 
I have not seen specimens of the fossil forms with which Neumayr 
compared them, but to judge from figures, the mouth of the shell, 
so far as it is preserved, differs considerably in structure. 


Bullinus(?) elongatus (Hislop). 

1839. Spilabury, op. rit, pi., figs. A 11, 3, (?) 9. 

1840. Physa Prinsepii (in part), Sowerbj’, op. cit., pi. xlvii, fig. 16. 

1860. Physa Prinsepii var. clovgato, Hislop, op. cit., p. 174, figs. 236, 23c. 

1860. Physa hislopiann, Oldham, op. cit., p. 213 (juv.). 

1884. Physa prinsepii var. elongnta, Medlicott and Blanford, op. cit.,p\. xiv, fig. 2. 

The status of this species has been misunderstood hitherto, 
mainly because most of the specimens that have been examined 
have been casts. These do not as a iiile show the most characteristic 
specific character (the presence of strong longitudinal ribs on the 
shell) at all clearly, but this character was w^ell illustrated by Spils- 
bury eighty j ears ago and traces of it can often be found even on 
casts. In some young shells in which the surface has been excep¬ 
tionally well preserved the ribs are very prominent. 

The shape and size of the shells are variable. I have no 
doubt that Oldham’s Ph. hislopiana, of which I have examined the 
t 3 rpe- 8 erie 8 , was based mainly on immature specimens of this species, 
but some of his shells may represent young of B. prinsejyii. 
The specimen from Baluchistan assigned to eloiigatus by Vredenburg 
(op. cit., 1907, p. 116) is much distorted and cannot be separated, 
in my opinion, from those shells of B. prinsepii euryhalintts that 
have the spire exserted. The species probably did not grow as 
large as B. prinsepii, but specimens much larger than Hislop’s type 
occur commonly (see PL IV, fig. 2 ). The largest I have seen 
must have been when complete at least 60 mm. high. 

* In Amorioa fosail shells of Aplecla are frequently referred to BuUinus, but without 
any real justifioation. The more typical shells of the latter genus have inflated whorls 
8^id are not elongate like those of Apitcta. 
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The ribs on the shell have a peculiar character and seem to have 
been better developed on fairly young than on old shells. In the 
former it might, indeed, be more exact to speak of broad grooves 
separating raised areas rather than of ribs, for the raised areas are 
often broader than the depressed ones. The upper whorls are 
nearly smooth and on the penultimate and last whorls the grooves 
are much nearer together on the older part of the whorl than on the 
younger. It is possible that on fully adult shells they disappeared 
altogether on that part of the shell that was formed after the last 
resting period, for they are clearly of the nature of varices representing 
a greatly thickened outer lip, and the part added to the shell evidently 
increased considerably at each growth-period. Unfortunately the 
mouth is broken in all the specimens I have examined and the one 
figured by Hislop was both immature and incomplete as well as being 
apparently a mere cast. 

The species is commonly found with the forma typica of B, 
prinsepii in the intertrappean beds of the Central Provinces, but 
as I have pointed out above, I am not sure that the origin of the 
fossils was quite the same. 

Affinities of JB. ehngatus, —The affinities of this species are 
doubtful. Probably it belonged to an undescribed genus bearing 
a somewhat similar relationship to Bullinus as the thickened and 
highly sculptured Miratesia} from Celebes. There is certainly no 
relationship, as Neumayr imagined, to North American or Euro¬ 
pean fossil forms. The elongate form resembles that of the shell 
of Aplecta, but so does that of several Australian species anatomi¬ 
cally inseparable from Bvllinus. 

Description op a Clionid Sponge Parasitic in the Shells of 
1 Bullinvs prinsepii. 

Only the burrows of this sponge are preserved but as they have 
a very distinctive character the species may be described. I place 
it in the genus Cliona, Grant rather than in any other mainly because 
of its resemblance in certain particulars to the common living species 
Cliona celaiay Grant. Its chambers are, however, better defined 
and more r^lar in shape than those of any living species or genus of 
the family with which I am acquainted. 

^ P. F. Sarasinv Dit Sussw. Moll. v. Celebes^ p. 73, pi. QC, figs. 187->144 (1896) 
#ad Zool. Ant. 1897, p. 24?. ^ p , 



Part 1.] Annandale: Observations on Physa Prinsepii,** 


63 


Cliona bullini, sp. nov. 

The burrows consist of series of well-defined chambers without 
connecting channels but joined together in a moniliform manner. 
They are arranged in more than one horizontal tier and in each 
tier are disposed in a straight line with occasional lateral branches 
on either side of the main trunk. The linear series radiate outwards 
from a more or less congested central area. The fully-formed 
chambers are flattened and transverse, hexagonal in outline, over 
2 mm. broad and about twice as broad as long. Younger chambers, 
budding off at the extremities or sides of the older ones, are at first 
longer than broad and then nearly circular. The method of budding 
is cruciform, i.e., each older chamber is capable of giving rise in a 
horizontal plane to a single anterior bud and a lateral bud on each 
side. Lateral buds are, however, comparatively seldom produced 
and arise at an acute angle to the parent chamber, from which they 
open directly without intervening channel. Each complete chamber 
has four apertures, one above, one below, one in front and one behind. 
Additional apertures are of course present if there are lateral buds, 
one to each bud. The upper and lower apertures are minute 
and circular, opening the one on the surface of the shell, the other 
into a chamber on a lower level. Before and behind the chambers 
are separated by a deep ridge with a broad angular transverse notch. 

Locality and Horizon .—Mazar Drik, Baluchistan; Cretaceous 
horizon 13 (NoefJing). In shells of BidUnns prinsepii evryhalinus. 

Type^specimen. No. 11,798 G. S. I. 

The burrows of C. bullini are remarkable for the regularity 
and uniformity of the chambers and the total absence of horizontal 
connecting channels. Their transverse form is also characteristic, 
as well as the structure of the partitions between them with the 
broad angular notches, which were probably occupied in the living 
sponge by cellular diaphragms as in the recent C. ensifera and C. 
mucronata, Sollas.' In some respects, as already noted, the excava¬ 
tions are not unlike those of the recent C, celata,^ (with which the 
Upper Cretaceous Vioa nardina, Michelin* is probably identical), 
but in that species the chambers are not so broad and much less 
uniform in shape and the terminal branches are usually dichotomous 

» Sollas, Am. Mag. Nai. Hist. I (5), p. 64, pi. i (1878). 

* Hancock, iind. III (2), p. 332, pi. xiii, fig. 8 (1849). 

^ Mioheiin, Icon. Zooph}ft., p. 3^, pi. bodx, fig. 8 (1847). 
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instead of linear or cruciform. From the chambers of C. quadrata, 
Hancock,^ those of the species just described differ in the same features 
and also in never being connected by short horizontal channels. 

1 Hancock, op, ciL, p. 344, pi. xy, fig. 0 (1849). 


DESCRIPTION OP PLATES. 

PLATE IV. 

Fiq. 1.—Solid seotion of rook containing numerous broken shells of BuUinuo 
pfinsepii (c. f.) from Nagpur. 

The section is magnified four times. The dark marks represent 
cavities, some of which contain fragments of shell, others im« 
perfectly preserved vegetable remains. 

Fig. 2.—A large shell of Bullinua elongaiua from the Central Provinces. Nat. 
size. 

This specimen, though only a natural cast, shows traces of the promi¬ 
nent longitudinal ribs characteristic of the species. 

Figs. 3, 3a.—Much smaller shells of the same species from the same locality 
with the ribs better preserved. Nat size. 

Fig. 4. —^Typo-specimen of the sponge Cliona hullini, sp. nov. in a. shell of 
Bullimia prinaepii euryhalinua from Mazar Drik, Baluchistan. Nat. 
size. 

Fig. 6.—Enlarged view of part of the same specimen (x7). 

The area contained in the photograph is that outlined in white on 
fig. 4. 

The light is so arranged that chambers of the sponge stand out like 
a cast. 


PLATE V. 

Figs. 1-8.— Typo aenoa oi Bullinua prinaepii enryhalinuaf subsp. nov., illustra¬ 
ting extreme variation. 

Figs. 1, 2, 3 and 7 represent shells of the normalia, figs. 4, 5, 6, and 8 shells of 
the inflata type. 

All the specimens are figured of the natural size and come from 
Narsingarh in Central India. 

Fig. 9. —^Four subreoent shells of Bullinua corUortua approximana, Mousson, 
from Lower Mesopotamia (x 2) showing similar variation. 
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I.—GENERAL REMARKS. 

Introduction. 

T he following pages contain a summary of the results ob¬ 
tained by attempting to apply to one of the most important 
families of the Gastropoda the comparative system of study of 
recent and extinct forms that has already yielded results of the 
greatest importance in several groups of the animsl kingdom, but 
which up till now has been used only to a somewhat incomplete 
extent with regard to the Mollusca. 

Amongst the various branches of zoological research, it would 
be impossible to overrate the importance of the results that have 
been achieved by combining the study of the extinct forms of 
vertebrates with that of their modem representatives. At first it 

9 
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was by applying to the fossil remnants tbe knowledge acquired 
by a carefid study of the anatomy of the living forms that it be¬ 
came possible to interpret these fragmentary remains^ but it was 
not long before the study of the extinct forms began, in its turn, 
to react upon that of their living successors. 

Quite apart from the evidence which it may give for or against 
the more or less controverted questions of evolution and of its 
methods, the study of the fossil remnants has revealed an incal¬ 
culable wealth of positive information of paramount importance. 
In such a group as that of the Mammalia almost every line of 
enquiry amongst the living forms has benefited from the light 
afforded by the study of the extinct species and genera. A vast 
amount of information has thereby been gained not only as to 
the relationship between modem forms and their predecessors, but 
also as to the mutual affinities of the living forms themselves. 
Many of the most important points concerning the classification 
of the recent Mammalia have been established by studying the 
fossil remains of forms that lived in past geological ages. In the 
present state of zoological science no comprehensive account of 
the Mammalia could be complete without dealing fully with the 
extinct as well as with the recent forms. 

Apart from the exceptional instances of individuals preserved 
in what may be called the fossil ice of the arctic regions, the viscera 
of the extinct Mammalia have perished; nevertheless the skeleton 
is so intimately connected with the structures of the more perish¬ 
able parts as to supplement much of the information for which 
direct evidence is wanting. 

An equally close or even closer relationship between the in¬ 
durated and durable parts and the more perishable portions of 
the organism is observed amongst many groups of invertebrates 
such as the Arthropoda or the Echinoidea. It is true that, owing 
to the delicacy and fragility of their structures, certain groups, 
for instance the Insects, are poorly represented in a fossil condi¬ 
tion; but, in other instances, the fossil record is of bewildering 
richness. In a group such as the Echinoidea, without the fossil 
forms we would be seriously handicapped in any attempt to form 
a truly adequate idea of the class just as much as with the Mammalia. 

Of all the great divudons of the animal kingdom the one that 
is by far the most abundantly represented in a fossil condition is 
fliat of the Holhisca^ More than any other organic remains, has 
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the fiucoession of molluscan faunas contributed to define the setiee 
of stages in the history of Creation. Yet, from the zoological 
point of view, the linking together of the extinct and living forms 
has not reached so satisfactory a stage as amongst several other 
animal groups. The present unsatisfactory state of the syste¬ 
matic classification of the mollusca depends partly on the fact 
that the correspondence between the indurated portions and the 
essential organs is less close than amongst the vertebrates and 

many groups of invertebrates. The viscera of the mollusca occupy 

in a more or less floating condition a membranous sac, the “ mantle,’’ 
enveloping the whole body, and of which the “ shell,” generally 
the only portion capable of preservation, is a mere calcified 
appendage. Nevertheless, our classifications of the mollusca, even 
of the living forms, rest largely upon this somewhat accessory 
structure. Our knowledge of the anatomy of the mollusca is 

still very incomplete. Further studies in this branch may lead 
to important amendments in the classifications hitherto founded 

almost exclusively on the shell. It is not unlikely that in many 
instances the anatomical features are correlated with certain charac¬ 
ters of the external shell which in turn will become of use in the 
classification of fossil forms. Nevertheless, amongst shells of the 
character of the “ holostomatous ” type of the Gastropods, merely 
a spirally coiled cone of more or less circular or elliptical section, 
the range of possible differentiation is so limited that the value 
of the shell structures for classificatory purposes is extremely re¬ 
duced. In the absence of the radula or of certain characteristic 
viscera, we aie, often at a loss to determine not only the genus but 
even the family or order of some of these indifferent types of shell 
amongst recent specimens. The exact classification of a large pro¬ 
portion of similar fossil forms must for ever remain conjectural. 

Nevertheless, there are many families of Gastropoda, especially 
amongst the carnivorous forms, where the structures of the shell, 
notwithstanding their lack of connection with the essential organs, 
exhibit such marked characteristics that they form a satisfactory 
basis for a classification, so far, at least as the grouping of species 
is concerned. Here then we have an opportunity for comparing 
the fossil and recent forms, and for attempting to trace the former 
history of some of the recent groups. 

Yet, nothing complete has up to now been accomplished in 
this direction; nothing comparable to the remarkable synthetic 
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schemes that have been arrived at for the classification and history 
of such groups as the Mammalia, Beptilia, Echinoidea or Crinoidea. 
This is due not only to the inherent difficulties of identification 
of molluscan remains, but also to the unwieldy proportions to 
which the palssontological literature of the mollusca has grown, 
coupled with its lack of co-ordination. 

Whatever may be the imperfections of the present-day classi¬ 
fications of the mollusca so far as the grouping of the species into 
genera and higher divisions is concerned, nevertheless, if we con¬ 
sider their recent representatives, there is scarcely a class of animals 
in which specimens may be correctly identified with relatively so 
little labour. This is especially true of the marine forms, and 
is due to the publication of the splendid illustrated monographs 
that' have succeeded one another during the last hundred years, 
above all those of the Sowerbys. 

The great monographs in which we have to seek for informa¬ 
tion regarding fossil mollusca deal with local faunas, generally 
embracing all groups of animals. No thorough co-ordination of 
these separate faunas has as yet been attempted, not even for 
areas so rich in contemporaneous fossil remains and situated so 
close together as the Paris, London and Hampshire tertiary basins, 
not to speak of other neighbouring areas such as Belgium, Nor¬ 
mandy, Brittany, also containing synchronous faunas. In addition 
to the large monographs, there is a bewildering superabundance of 
scattered short publications which the most persevering industry 
can never hope to cope with. Specimens of fossil species are 
generally much more difficult to secure for purposes of comparison 
than those of living forms, and there are very few instances in 
which the illustrations representing them can compare in definite¬ 
ness and accuracy with those of the living species ; a state of things 
frequently aggravated by the unsatisfactory condition of the origi¬ 
nal fossil specimens. 

Evidently a continuation of the present state of things must 
soon bring any further useful work in molluscan palaeontology to 
a standstill. It is high time that the work so successfully accom¬ 
plished for the recent species should be attempted for the fossil 
species also. In order to make a fresh start of profitable work, 
we require monographs of each genus combining all the fossil and 
all the recent forms known up to the present day. The work will 
need much patience and the concourse of many collaborators, but 
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it must be done, and its postponement can only aggravate the 
present confusion and increase the difficulties of eventual success. 
There exists no satisfactory complete monograph of the fossil re¬ 
presentatives of any of the larger genera, and, a fortiori, none em¬ 
bracing both the fossil and recent forms. 

Under the present circumstances we cannot feel too grateful 
for the magnificent pioneer work that has been accomplished by 
Cossmann in the “ Essais de Pal4oconchologie compar6e ’’ com¬ 
menced in 1896, and now embracing the greater part of the proso- 
branchiate gastropods, together with the relatively scanty fossil 
representatives of the Opisthobranchiata. The work is concerned 
primarily with fossil forms, but no conchologist dealing either with 
recent or fossil representatives of the families so far reviewed can 
afford to ignore it. Taking Cossmann’s work as a basis, the next 
step will be, as already suggested, the preparation of monographs 
embracing the totality of known fossil and living forms in each 
genus and family. Only when this is accomplished, shall we be 
able to reconstitute for each group of the Mollusca a connected 
history such as has already been outlined for the Mammalia, 
Reptilia or Echinoidea. 

I have attempted to work out such a scheme for the CyprseidsB, 
one of the most important families of marine shells, both recent 
and fossil, and the following classificatory sketch represents the 
systematic result of this study. 

Subsequently to the preliminary broad classificatory schemes of 
Gray and of Troschel, two elaborate classifications of the Cypreeidcs 
have been published, firstly by Jousseaume in 1884 (Bull. Soc. 
Zool. Fr., Vol. IX, pp. 81-100) and secondly by Cossmann in 1903 
(Ess. Pal. Comp., Livr. V, pp. 143-185), with additions in 1906 
{Op. cit. Livr. VII, pp. 238-240). 

In Jousseaume’s scheme the Cyprseid©, exclusive of Erato (at 
that time classified with the Marginellid©), are classified in thirty- 
six divisions each containing groups of species regarded as closely 
related to one another. In most instances the grouping has stood 
the test of further researches. 

Jousseaume has given to all these divisions the. rank of separate 
genera, and as he has not provided for any sub-families, the scheme, 
excellent in its details, lacks coherence as a whole, as it does not 
indicate the mutual relationships of the several divisions. More¬ 
over, some of these divisions are mere groups of species differing 



70 Records of the Geological Survey of India, [Vol. LI, 

from other divisions by features of so trifling a nature as not to 
entitle them even to the rank of sections. 

In Oossmann’s scheme the classification is harmonised into an 
organised system, principally by reducing most of Jousseaume’s 
genera to the rank of sections. These in their turn are united 
into sub-genera, and finally into eleven genera, including Amphi- 
peras (i=0tmZa), Cyphoma, CalpurnuSy Erato, Pedicularia, not in¬ 
cluded by Jousseaume amongst the Cyprseidse, and Vicetia, Rhyn- 
chocyprcea, Transovula, founded upon fossil forms mostly unknown 
to Jousseaume. If we leave out of account these eight genera, 
we see that the thirty-six genera of Jousseaume’s scheme have 
been reduced by Cossmann to three. The total number of sections 
admitted by Cossmann is forty-three, of which fourteen belong to 
the eight genera above mentioned as including forms not taken 
into account by Jousseaume. There remain thus twenty-nine sec¬ 
tions making a reduction of seven from the total number of divi¬ 
sions admitted by Jousseaume. Moreover, seven of these, Sipho- 
oyproea, CyproBoglobina, Gaskoinia, Eocyprcea, Aastrocyprcea, Gypro- 
pterina. Semitrivia, though coinciding partly with Jousseaume^s 
divisions, do not belong to Jousseaume’s scheme, and the total 
number of Jousseaume’s divisions regarded by Cossmann as super¬ 
fluous amounts therefore to fourteen. 

It would have been mere presumption on my part to take up 
this subject again after it had been through the hands of two such 
great authorities, were it not that neither scheme is complete in 
its scope; that of Jousseaume dealing principally with the living 
forms, that of Cossmann principally with the fossil forms. Out 
of 216 species enumerated by Jousseaume only 18 are extinct. 

The few amendments suggested in the present scheme mostly 
represent further simplifications, principally amongst some of the 
exclusively recent groups not specially considered in Cossmann’s 
work. Mauritia Troschel, Trona Jousseaume, Cavicyprcea Coss¬ 
mann (= Basterotia Bayle), Ponda Jousseaume appear superfluous, 
and have been united with Cyprcea s, str. Zoila Jousseaume cannot 
be precisely separated from the section Bemayia, Umhilia Jous¬ 
seaume is also dispensed with, the included species being re-distri¬ 
buted partly under Qisortia, partly under Bemayia, Laponia Gray, 
Gaskomia Boberts, AustrocyprcBa Cossmann, have been incorporate 
with Cyprasemtkt* Naria Gray and Erronea Troschel have been 
united with Adusita. Cyproptmna has bean united with Monetaria^ 
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Nuelearia with Erosaria, Ipsa with Pustidaria, RhyndiocyprcBa with 
Oisortia. 

I have maintained the separation, as a section of Erato, of 
Sacco’s Eraiotrivia, merged by Gossmaun with Eraiopsis. Conrad’s 
Sukocyprcsa is provisionally maintained as a section. 

Exclusive of Ovtda {Amphiperas), Oyphoma, and Calpumus re¬ 
garded as constituting a family Omdidw distinct from the CyprceidoB, 
the total number of sections is reduced from thirty-four in Coss- 
mann’s classification to twenty-five in the present scheme. 

As to the grouping of the sections into sub-genera or genera, 
I have ventured to remove Eocyprosa, Cyprcsdia (including Cyprceo- 
globim and Sulcocyprcea) and Trivia from Cyprcsa as entirely dis¬ 
tinct genera. 1 have also adopted Troschel’s separation of Trivia 
into a sub-family Triviinss to which have been added Erato and 
Pedicularia. 

Even after the removal of Eocyprcsa, Cyprcsdia and Trivia, the 
genus Cyprcm, as restricted in the present scheme, still includes a 
far larger share of the original Linnean or Lamarckian genus than 
any of the other genera here included within the Cyprseidse. 

It is necessary to say a few words about another scheme, the 
method of which, from a taxonomic point of view, represents the 
opposite extreme to that adopted by Jousseaume. It is that 
published in 1888 by Cosmo Melvill as “A Survey of the genus 
Cyprsea...” (Mem. and Proc. of the Manchester Lit. and Phil. 
Society, Ser. 4, Vol. I, pp. 184—262). While Jousseaume has 
split up the original Linnean and Lamarckian genus into thirty- 
six divisions amongst which the original generic name has almost 
disappeared, Melvill retains all the Cypneidro (exclusive of Erato 
and Pedicularia then referred to other families) within a solitary 
genus Cypraea. Yet, in spite of this apparently wide divergence, 
both systems, independently and simultaneously worked out by 
Jousseaume and by Melvill, almost exactly coincide; that is, 
although Melvill has not marked ofi any groups with separate 
generic designations, yet the species are placed side by side, accord¬ 
ing to their mutual affinities, in a manner which almost exactly 
coincides with the groupings indicated by Jousseaume. The method 
which Melvill has defined as the circular ” system is one that, 
with certain modifications, should really be of wide application. 
An attempt has been made to place all the species in a oontinuouB 
series in such a way that each form is placed between the two to 
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whicli it is closest related. The point selected as the commence¬ 
ment of the series is arbitrary in this sense that the two species 
nearest related to No. 1 are No. 2 on the one hand, and, on the 
other hand, the last number in the list. Every classification is 
in reality essentially dichotomous, and Melvill’s ingenious system 
draws attention to one of the unavoidable drawbacks of the dicho¬ 
tomous classification as usually expressed, endeavouring at the 
same time to obviate it. For instance, let us imagine a set of 
six species, closely related to one another, that can conveniently 
be arranged in three groups of two each. It will be necessary to 
select one of these groups as the first and another as the third and 
to represent them in a serial table or in a branching scheme in that 
order; yet the third group may be just as closely related to the 
first group from which it is necessarily severed in the diagrammatic 
scheme as to the second. The fact is that while, for practical 
reasons, we represent our classificatory schemes on a flat sheet in 
two dimensions, they should in reality be constructed in three 
dimensions like the branches of a tree or of a candelabrum. It is 
this misleading character of the two-dimension scheme that Mel- 
vill has attempted to obviate in the “ circular system.’’ That 
it should work out quite satisfactorily in so vast an assemblage 
as the CyprseidflB can scarcely be expected, for, instead of a single 
gigantic circle, a congeries of smaller circles would in reality be 
needed, and this again can with difficulty be attempted in any 
diagrammatic or serial arrangement—^unless indeed some stereo- 
graphic mode of representation were devised; but again, apart 
from this minor difficulty, it is clear that, for an entirely different 
reason, in spite of the great care exercised in distributing the species 
according to their affinities, Melvill’s scheme exhibits some ob¬ 
vious gaps, which have either been filled by a form which is not 
truly related to the adjacent ones, or else is bordered on either 
side by species exhibiting a rather strained analogy instead of a 
true relationship. 

An instance of what might be described as a “ stop-gap is 
that of No. 12 of Melvill’s Ust, Cyprcea urnhilicata Sow. It sepa¬ 
rates C, venusta No. 11 from 0. Scottii No. 13. In its turn, 
C. Scottii is followed by 0. marginata, 0. thersites, C. dedpiens, 
C. mus, C. leucostoma, all of which clearly belong to the same group. 
It is most probable that C. venusta itself belongs to the same group, 
though it is adjacent to Cyprcsa stercorwria^ No. 10, which decidedly 
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differs. Therefore, there does exist a gap between No. 10 and 
No. 11, though there is probably no gap between No. 11 and No. 13. 
At all events, (7. umhilicata bears no true relation either to C. venusta 
or to C, Scottii. Moreover, while both C. venusta and C. Scoitii 
(as indeed also C, stercoraria) truly belong to the genus Cyprcea, 
“ Cyprcea ” umbilicata belongs to an entirely different genus, and 
is the only surviving representative of the remarkable cretaceous 
and eocene genus Gisoriia, Its true place in the “ circular ” 
system should be quite different, while to connect continuously 
C. stercoraria and C. veumta, it would be necessary to intercalate 
various extinct species. 

Instances of strained analogy are to be found where Trivia 
comes into contact with the genuine representatives of Cyproca. 
Fifty-two species are included by Melvill under Trivia, ranging 
from No. 89 to No. 140. The first species, C. pustulata. No. 89, 
is closely related to the last, C. staphylcca, No. 140. If the Trivia 
group, as understood by Melvill, is to be treated as a subsidiary 
ring within the circular system, the arrangement is perfectly con¬ 
sistent and logical. Nevertheless, on closer inspection, we find 
serious gaps, within the ring and also at its limit. Thus, the 

species classified under No. 88, at the junction, therefore, of Cyprcea 
s, sir, and Trivia as interpreted by Melvill, is C. Adamsonii, a 
shell usually striated dorsally, but in which the spiral ornaments 

truly belong to the shell wall, while the ridges occasionally seen 

on the dorsal surface of adult specimens in C. pustulata are super¬ 
ficial callous growths belonging to the same order of structures as 
the apertural denticulations. It is true that, at immature stages, 
C. pustulata is spirally striated, and in that condition closely re¬ 
sembles C, Adamsoni, Yet they belong to different groups, (7. 
Adamsoni being a typical “ Cyprceovula'" while C. pustulata should 
be classified with Erosaria. Still, if we are dealing exclusively 

with living forms, the juxtaposition proposed by Melvill is the 
best that can be contrived, though, as in the previously mentioned 
instance, it still leaves a gap which could only be filled by the inter¬ 
calation of fossil forms, many of which are still unknown. 

The last number of the ring Trivia, as interpreted by Melvill, 
is C. staphylcea, No. 140, and this is a true Erosaria; the following 
number. No. 141, being apportioned to C. hdvola, also an Erosaria^ 
followed in its turn by numerous species of Erosaria. This portion 
of the scheme is therefore quite satisfactory; but it is wit^ the 
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ring **Trma” tkat the moat acrioua gaps occur. First of all, it 
should be noticed that the three first and the six last speeies referred 
to Trivia in Mdvill’s scheme belong to other genera. The three 
first, C. pmtidata, No. 89, C. madagaeearieneis. No. 90, C. nudeue 
No< 91, are members of the Eroaaria group of Cyprcea. Of the 
six last {^>ecies, C. margarita. No. 135, and C. staphykea. No. 140, 
am bkeirise members of the Erotaria group, while intercalated 
between C. margarita and C. ataphylcBa are the four species, C. 
mmulata, C. ChUdrmi, 0. globulus, C. oicercula, that constitute 
the genus Pustularia. In the systematic portion of the present 
essay, reasons are given for considering Trivia not only as a genus 
totally distinct from Cyprcea, but even as a member of a separate 
sub-family. Here, therefore, we have four obvious gaps: firstly 
between 0. nucleus No. 91, which is a true Cyprcea of the Erosoria 
group, and C. radians. No. 92, which is a tjrpical Trivia; secondly, 
between 0. scabriuscula. No. 134, which is a Trivia, and C. mar- 
garita. No. 135, which is a Cyprcea of the Erosoria group; thirdly 
between the species last-named, which is a Cyprcea, and C. annulata. 
No. 136, which is a Pustularia; lastly, between C. dcercula. 
No. 139, also a Puetularia and C. staphylcea. No. 140, which is 
again a Cyprcea of the Erosoria group. It is quite true that, in 
a classificatory scheme restricted to the living C 3 q>midffi, the nearest 
approach of Pustularia to Cyprcea seems to be in the region of the 
group Erosoria. Tet the resemblance may be perhaps mainly 
supe^cial, and here again, to attempt a real connection, it would 
be necessary to take fossil forms into account. 

I have ventured upon these remarks not as a criticism of Mel- 
vill’s admirable work, the value of which can only be described 
as priceless, but as an attempt to illustrate the assistance which 
modem oonohology can derive from the study of fossil shells. The 
advantage is entirely mutual, and it is absolutely necessary that 
the votaries of paleontology and zoology should combine their 
^orts at t^e present stage of evolution of both sciences. 

The interpretation of Cyprcea unibilicata by various systematists 
affords an inatractive example of the insufficiency of the characters 
of the living forms if exclusively relied upon for classificatory pur¬ 
poses without the help of the fossils. It is indeed singular how 
thm shell has remained dsssified amongst the iypical forms of 
the genus Cyprcea in spite of its totally aberrant characters. Q. B. 
Bbwsii b y, in 1887 (Conch. Ill., fig. 169), and again, in 1846, Reeve 
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(Mon. 6ai. Cypma, species 7) regarded it as a mere monstrosity 
and referred it to the species Cyprcsa pmtherina as a variety urn- 
biUcata. Nevertheless, as early as 1849, Gray clearly indicated 
the extremely close relationship between Cyprcsa umhilicata^ which,, 
in after years, was to become the t 3 rpe of Vmbilia, and Cyprcca 
eximia Sow., which was to become the plesiotype of Rhyncho- 
cypraxZi being perhaps identical with the type C. loxorhyncka 
(Proc. Zool. Soc. London, 1849, p. 126). Gray further came to 
the conclusion that both shells should be removed from the genus 
Cyprcea and transferred to the genus Cyprceovtda. It will be 
shown in the sequel of the present notice that Gray’s Cyprceovula 
cannot be separated from Cyprcsa otherwise than as a subgenus. 
Nevertheless, in the note above alluded to, Gray further noticed 
that both Cyprcea umbilicata and C. eximia differ from other forms 
referred to Cyprceovula by their large size, by the length of the 
terminal canals, and by the peculiar callous impression dorsally 
situated at the root of the anterior canal; all of which features 
are' now known to be characteristic of Gisortia. These valuable 
observations appear to have been overlooked by subsequent authors. 

Again, in 1870 (Thes. Conch., Cyprsea, p. 61), Sowerby separated 
Cyprcea umbilicata from Cyprcea parUJierina^ and not only asserted 
that the resemblance between these shells is quite superficial, but 
even hinted at the propriety of separating C. umbilicata generically 
from the remainder of the Cyprseidse. Like the previous obser¬ 
vations of Gray, these remarks of Sowerby seem to have remained 
unnoticed. 

Jousseaume, it is true, made Cyprcea umbilicata the type and 
unique species of a genus Umbilia, but as his system establishes 
neither links nor separations between the various groups of the 
CyprseidsB, the creation of this genus remains without definite 
significance, all the more so as the identity of Umbilia with the 
genus Gisortia also established for the first time in the same classi- 
ficatory scheme remained unnoticed. Melvill, as we have already 
seen, placed C. umbUicata in the neighbourhood of C. venusta and 
C. ScoUii the resemblance with which is just as superficial as with 
C. pantherina. 

In the latest and most comprehensive monograph of the recent 
Cyprssidee (Monografia de las especies vivientes del geneio CypiM, 
Mem. R. Ac. dene., Madrid, Vol. XXV, 1906-07), ffidalgo, like 
Mdvill, recognises a single genus Cypresa^ divided into groups kS' 
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which no separate names are given, but in which the affinities of 
the species are indicated in a manner generally coinciding with the 
schemes of Jousseaume and Melvill. In this work Cyprcea um~ 
hihcata is given an isolated position, but is placed in the midst of 
groups including exclusively typical species of Cyprcea 8, sir. Coss- 
mann has separately retained both Vmbilia and Gisortia and has 
added a genus Rhynchocyprceay the type of which is an Australian 
tertiary fossil scarcely distinct even specifically from Cyprcea (or 
more exactly Gisortia) umbilicata. It should be noticed that there 
exist no adequate illustrations of Cyprcea umbilicata, and that from 
the published figures, without the help of actual specimens, no one 
would suspect the close relationship, amounting, as already said, 
almost to specific identity, between Cyprcea umbilicata and the 
type of Rhynchocyprcea. As a result of these various sources of 
error, Cyprcea umbilicata has been grouped by Cossmann with 
various fossils, one of which, the Australian form C, amygdalina 
Tate is indeed closely related, while the others are members of the 
Bernayia section of Cyprcea, and the whole assemblage has in turn 
been treated as a mere section of Cyprsea. Cossmann has carefully 
indicated the extremely close relationship (in reality amounting to 
identity) between Rhynchocyprcea and Gisortia, but has failed to 
recognise the identity of Cyprcea umbilicata with either. In the 
northern hemisphere Gisortia died out with the eocene; but the 
later Australian tertiaries contain forms resembling the type of 
Rhynchocyprcea, forming a complete transition between the living 
Cyprcea umbilicata and the gigantic, presumably upper eocene Cyprcea 
gigas McCoy, and unquestionably congeneric with both. There can 
be no hesitation in referring the Australian Cyprcea gigas to the 
same genus as Gisortia gisortiana and thereby we can fully establish 
the congeneric character of Cyprcea umbilicata, of the type of Rhyn- 
chocyprcea and of the type of Gisortia, Precedence, in the literature 
of the subject, belongs to the designation Gisortia, which, therefore 
should be the generic name applicable to all these forms.^ 

Moreover, the recognition of these relationships affords a due 
to the generic position of a considerable number of hitherto puzzling 
cretaceous forms, indicating that the period ot highest develop- 

^ Harris, in 1897 (Catal. Tert. Moll. Brit. Mus., Part I, Austr. Tert. Moll), has 
referred to Untbilia the Australian fossil forms subsequently classified by Cossmann 
under Bhynchocffprcea ; but through some unaccountable misinterpretation of Jouss- 
eaume’s scheme, 1 as leferred to the diminutive group Eroearia the gigantic Cyprcta 
giguf, thereby missing the recognition of the generic identity of UmhUia and QiscrUa* 
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ment of this singular genus coincides with the upper cretaceous. 
From these various considerations we must finally conclude that 
Oisortia umbilicata must rank by the side of the famous Trigonias 
as one of the most remarkable relics of the mesozoic fauna survi¬ 
ving in the Australian seas of the present day, and we can only 
deplore that nothing is known of the anatomy or life-history of 
this most interesting of all the CyprsBidse. 

I have dwelt at length upon this instance so as to exemplify 
how certain facts of the most absorbing interest have escaped 
notice from several of the most able naturalists as a consequence 
of their having dealt exclusively or almost exclusively either with 
the living or with the fossil representatives of the group; while 
the simultaneous study of the fossil and recent forms has brought 
to light the almost complete history of a phylum reaching back 
far into the mesozoic, and the extremely interesting fact of its 
survival at the present day. 

Geological antiquity of the Cyprasidas. 

According to most paleontological treatises, the Cyprseidse are 
stated to be exclusively tertiary and recent. This view was especi¬ 
ally popularised by d’Orbigny who referred to Ovula,'' that is 
principally to Gisortia as at present understood, all the cretaceous 
shells of cowry-like appearance. d’Orbigny’s conclusions were 
harshly criticised by Stoliczka (Cretaceous Fauna of Southern 
India, Vol. II, pp. 51^ 55), who described many species of “ Cyptasa'*'* 
from the cretaceous of Southern India. Nevertheless, so late as 
1903, Cossmann has declared that there are no undoubted occurrences 
of CypreeidfiB older than tertiary (Ess. Pal. comp. V, p. 145). 

A study of the information at present available has amply demon¬ 
strated the abundance of the remains of CypraBida? throughout 
the formations of upper cretaceous times. The oldest CypraeidcB 
so far recorded belong to the “ Albian ” that is the Middle Cretaceous, 
immediately succeeding the age generally classified as Lower Cre¬ 
taceous. 

Nevertheless, modern research has entirely confirmed the con¬ 
clusions established by the unparalleled learning and sagacity of 
d’Orbigny. None of the numerous cretaceous forms so far dis¬ 
covered belong to the genus Cyprcea, They principally belong to 
Oisortia, that is to the group of forms included by d’Orbigny and 
bis contemporaries under ** OwXa** Others belong to Eoeyprosa^ 
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Tfomeomla^ and CyprcBoglobina. The true Cyproea is first represented 
in the eocene by the section Bemayia^ while the oldest undoubted 
representative of the section Cyproea s. str. is miooene, the oligocene 
0. apennineneis being of doubtful systematic position. 

Trivia and Erato have not been met with in rocks older than 
eocene. 

As already mentioned, the oldest CypreeidsB so far known occur 
in the Albian stage of the Middle Cretaceous, where they are re¬ 
presented by the already strongly differentiated genera Eocyprwa 
and Oieoftia. The origin of the family must therefore be set much 
further back in geological times. Immature shells of the Cyprseidse 
resemble some of the Doliidse, especially the shells of Pirula, a 
genus already characteristically developed in the Turonian. It is 
not improbable that the Cyprasidse and Doliidas are derived from 
a common stock and that the divergence took place in later Jurassic 
times. 

The following diagram illustrates the suggested afi&nities and 
geological history of the main classificatory divisions recognized 
in the present scheme. The names written in larger characters 
refer to the groups to which it is proposed to assign the rank of 
genera. The others represent sub-genera or sections.^ 

^ The name ** Qyproea,” where it refem to the seotion and |iot to the genns^ haa, 
by mistidce been written in laige characters. 
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Distinctness of the Cyprsidft and Ovulids. 

Cossmann and several other naturalists have included within 
the CyprseidsB the genus Ovula (or, as it is sometimes called, Amphi-^ 
peras). As indicated by their generic name, many species of Ovula 
have an ovoid shape recalling in general appearance the adult stage 
of most CyprseidsB ; only the mode of growth of Ovula is so different 
from that of Cyprma as to indicate that the resemblance is merely 
superficial. It is only at the adult stage, or at least at each arrest 
of growth, that the shells of Cyprcea acquire their characteristic 
ovoid shape; when immature they are elongate shells resembling 
certain forms of Volutides, and the pronounced alteration of the 
mode of growth that marks the adult stage constitutes precisely one 
of the most characteristic features of all the forms that are undoubt¬ 
edly members of the family Cyprseidae. No such dimorphism 
of growth is known in Ovula, the immature shell being generally 
quite identical with the full-grown stage, but for such subsidiary 
details as the thickening of the apertural lips such as is observed in 
many other gastropoda. In a few species the adult stage exhibits 
superficial callous growths which further enhance the superficial 
resemblance to the C 3 q)r 8 eid 80 ; but it must be remembered that 
similar excrescences are observed in certain forms of the Strombid® 
and Cassidid®. 

The protoconch of Ovula does not seem to have been figured or 
described, and I have had no opportunity of examining it; but 
there is no doubt that, throughout its post-embryonic stages, Ovula 
is completely devoid of a true spire, the apex being invariably 
umbilicated. The Cypr«id» always have a spire occasionally flat 
or even inverted, frequently concealed in the adult, but always 
present, even in a group like Cyprcedia in which the apex is 
umbilicated in the adult, but in which the earlier stages of growth, 
succeeding the protoconch, are provided with a true spire. 

Not only does Ovula differ from the true Cypr®id® in its general 
mode of growth but it widely diverges from them in the structure of 
the channelled terminations of the aperture, precisely therefore in 
one of the most important characters that have been used for classi¬ 
fying the Cypr®id®. 

It is essential to observe that the apertural terminations of the 
Ovulid® are not homologous with those of the Cypr®id® even in 
sodh instances in which the callous growths of the adult stage are 
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apt to give rise to a deceptive appearance of similarity. The diver¬ 
gence of structure is especially marked in the posterior termination 
which consists of a more or less deflected canal, situated beyond 
what might normally be regarded as the apex of the axis of convolu¬ 
tion, and included between a peculiar spiral fold and the outer lip 
which, beyond its most posteriorly situated point, is completely 
recurved upon itself in an anterior direction in order to unite with 
the above mentioned spiral fold. This spiral fold, generally regarded 
as a columellar structure is really a winding funiculum issuing from 
the interior of the shell. In immature specimens we may readily 
observe that it bears no relation to the longitudinal callous apertural 
structures generally classified with the columella. In a number of 
instances, the re-entering space on the anterior side of the above 
mentioned funiculum is apt to become completely immersed in 
callus, and if, at the same time, the posterior outlet is strongly 
deflected posteriorly to the left, in accordance with the main direc¬ 
tion of outline of the outer surface (as in 0. margarita^ 0. lactea^ 
0. semistriata^ also in the group of 0. marginata), there may result a 
most deceptive appearance entirely simulating the posterior mode 
of termination observed in Cyprccdia and Cyprceoglobina amongst 
the Cypraeidse. It is sufiicient, nevertheless, to compare immature 
specimens with the fully developed shell in order to realise how 
entirely different is the mode of origin of these structures in Ovula 
and in Cyprcedia. 

The essential difference between the posterior apertural outlet 
of Ovula on the one hand, and, on the other hand, the posterior 
apertural outlet of the Cypraeidse, is therefore that, while in the 
Cypraeidae the structure is constituted by the elements of both the 
outer and columellar lip, in Ovula, the outer lip alone takes part in 
its constitution, together with an internal spiral funiculum which 
does not correspond with any recognised structure of the Cypiaeidie. 
The true columellar lip takes no part in the constitution of the 
posterior outlet in Ovula. 

Very frequently the characteristic posterior outlet of Ovula 
is more or less nearly vertically produced in an apical direction. 
It may then happen that a more or less channelled space remains 
between the usually thickened end of the columellar lip and the 
left border of the true outlet; this space corresponding in a rudi¬ 
mentary fashion with the usual posterior outlet of the Cypraeidse. 
The shell may thus appear to possess two posterior outlets. It is 

0 
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very doubtful, however, whether the more or less rudimentary 
Cyprsea-like channel possesses any real physiological meanizig. 

The anterior apertural outlet of Ovula is built on a plan closely 
similar to that of the posterior outlet and also differs very essentially 
from the same region of the shell in the Cyprseidse. Like the post¬ 
erior outlet, it is bounded on the left, or on the side furthest from the 
extremity, by a spiral funiculum issuing from the interior of the 
shell, and sometimes closely recalling in general appearance the 
anterior twisted columellar edge so conspicuously developed in 
many fully developed shells amongst the Cyprseidse. Only, in the 
Oyptffiidse it is an adult structure built of superadded caUus, while 
in the Ovulidse it is especially conspicuous in immature shells, or 
else in species of primitive aspect, like those of the group of 0. 
marginata in which it does not become obscured by callus at full- 
grown stages. The extremely oblique elongate narrow twisted bulge 
which, in immature specimens of Cyprtm, is formed by the accretions 
of the terminal outlet is scarcely recognisable in the immature 
specimens of Ovula; and it is along the inner margin of the zone 
corresponding to that bulge that the anterior funiculum of the 
Ovulidse is developed, nothing of the kind being seen in the immature 
^ells of the (^neidse. The steeply twisted bulge often remains 
more or less visible as an elongated protuberance across the “ fossula ” 
of fully developed Cyprasa shells, and we may then easily observe 
that it bears no relation whatsoever to the anterior twisted columellar 
ridge which often cuts across it obliquely in a position which may 
vary a great deal even amongst specimens of the same species. 

Lastly, the radula of Ovula differs very conspicuously from all 
those hitherto observed in the Cyprseidae, this structure, so far as is 
known, exhibiting much uniformity throughout all the groups 
generally included within the family Cyprseidae. 

Taking all these facts into consideration it seems best to classify 
Ovula separately from the Cypraeidae in a family “ Ovulidae ” toge* 
ther with the singular callus-overgrown genus Calpurnus. 

Ovula has not been met with in rocks older than eocene; but 
these delicate shells are far less suited to preservation in a f op sil 
condition than the robust Cypraeidae, and, their apparent abs^ce 
from the mesozoic may be attributable merely to the infOTyiplAt^n^aa 
of the available fossil record. Some of the Strombidae, for 
Terebdhm, slightly recall Ovida in the disposition of the ahe l l| and 
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it is perhaps on the side of the Strombidas rather than the CyprasidsB 
that we should seek the relationships of the Ovulidas. 


II.—SYSTEMATIC PORTION. 

Family : CYPRiEIDiE. 

Gastropoda in which the fully-formed shell acquires a very 
uniform ovoid appearance owing to the modified growth of the 
body-whorl in which the right side becomes more or less inflated 
and then reflexed in such a manner as to greatly contract the aper¬ 
ture. 

The immature stages usually exhibit but little resemblance to 
the fully formed shell, being more elongate, with a wide aperture^ 
a simple, anteriorly retrocurrent outer lip, with a narrow anterior 
outlet on the left side of the aperture, the accretions to which form 
a narrow steeply winding bulge. The spire which is always of 
small or moderate size frequently becomes concealed in the later 
stages of growth, while the disposition of the anterior termination 
becomes always more or less completely disguised in the fully- 
developed shell. 

In addition to the characters depending on the altered mode of 
growth of the later stages, the outline may also be considerably 
modified by external accretions of callous matter. 

The following table illustrates the scheme of sub-fiimilies^ genera, 
sub-genera and sections which it is proposed to adopt. 


OYPiLEA . 


CyPBAEIN^. 


fCvpB-asA • 


i Adtjsta, 
CYPBiEOVULA. 
Mobbtabia. 
^Ebosabia 



Erosaxi*. 

PypxiM>tri?la. 

o2 



84 Records of the Geological Survey of India. [VoL, LI. 

CypKJEOGEMMULA. 

PUSTULAKIA. 

OYPRiSDIA 

BOCYPRiEA. 

TRANSOVULA. 

GISORTIA . 


TRIVIA . 

ERATO 

PEDICULARIA. 

Sub-FamUy: CYPR JlINiE. 

Posterior apertural extremity or else both apertural extremities 
deeply notched. 

Genus: CYPRiEA. 

Both apertural extremities deeply notched. 

Sub-genus: CYPRiBA. 

Terminal notches deep and constricted, very sharply defined and 
relatively very large (larger than in all other sub-genera or sections); 
spire always more or less projecting, never in a well defined depression ; 
dorsal rim, when present, never denticulated. 

Section: Cypk-sa s. str. 

Throughout the entire length of the columellar lip there is a 
longitudinal depression beyond which the apertural crenulations 
usually extend internally. The columella stands out anteriorly 
from the base of the penultimate whorl and is terminated by an 
oblique twisted ridge, these structures enclosing a ‘‘ fossula ’’ which 
is always ribbed and often very deep. Spire small usually more or 
less visible. 


CTFBiBDU. 

CYFBiBOQLOBINA. 

l^SuLoocyrEjBA. 


( Qisobtia 
L ViOBTIA. 

TRIVIINiE. 

f Tbivia. 
ISemitbivia. 
f Eeato . 

C Ebatotbivia. 


C Qisortia. 
t Palliooypraoa. 


r Erato. 

( Eratopsis. 
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Itemarks. —^All the forms here included in the section Cyprcea 
8, 8tr. invariably exhibit an anterior well defined columellar fossula, 
often very wide and deep, and invariably ribbed. A more or less 
pronounc^ longitudinal depression extends internally along the 
whole length of the columellar lip, and, in all the species of which it 
has been possible to examine specimens or trustworthy illustrations, 
the apertural ridges extend internally across or reappear internally 
beyond this depression; though, in some instances this character 
may vary considerably amongst individuals of one species. For 
instance, in Cyprcsa tigris, the internal prolongations, posteriorly 
to the fossula, may be entirely missing in some specimens, very 
strongly developed in others. 

It has not been possible, in this respect, to ascertain what the 
exact disposition may be in C. tessellata Swains, C. Barclayi Reeve, 
C. leucodon Brod., C. histrio Meusch., and C. gemmula Weink. 


1st Division. 

Group of Cyprcea mappa. 

Spire more or less visible, shape oval to subcylindrical, denticu- 
lations of columellar lip not extending over the ventral surface or 
only slightly, extremities not rostrate or only feebly rostrate, 
marginal callus usually moderately developed, and if at all thickened, 
its rim moulded to the outline of the dorsal surface, not flattened 
out transversely; columella denticulate, denticulations extending 
across the anterior fossula which is well developed. 

Remarks.—Cyprcea mauritiana and C. tigris have been separated 
by Cossmann as a section Mauritia Troschel on account of the 
posterior notch pointing towards the left of the spire instead of 
towards the right. The character is not constant in either of these 
species and is observed frequently in other species for instance in 
Cyprcea mappa, the genotype of Cyproea and cannot therefore be 
used for generic distinction. 

In this group which largely corresponds with Lyndna Troschel 
1863, I have included all the species of Jousseaume’s genus Vulgu* 
8dla, with the exception of C. pantherina, here referred to another 
division. As noticed by Cossmann, Vulgusella Jousseaume is syno- 
nymous with Cyprcea s. str. as defined by Lamarck, the genotype, 
C. mappa being the same in either case. The group, as here defined, 
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includes also all the species of Jousseaume^s genus Porcellana Klein^ 
with the exception of C. Chemnitzi Dunk, which I have been unable 
to trace, and C. Isabella Linn, (here classified as a Bernayia). The 
present group also includes the totality of Jousseaume’s genus 
Pondoy and the solitary species of his genus Tessellata. It also 
includes C. leporina Lam., Jousseaume’s type of Basterotia Bayle 
(a= CavicyproBa Cossmann). 


2Nn Division. 

Group of Cyprcea arabica. 

{Mauritia Troschel, Arabica Jousseaume, Trona Jousseaume.) 

Spire rather prominent, general shape as in the group of Cyprcea 
mappa from which it is distinguished by its flattened ventral callosity 
forming a more or less pronounced rim to the dorsal surface. 

This group is remarkable for containing an assemblage of forms, 
C. arabica, C. reticulata, C. intermedia, C. histrio, which are probably 
varieties of a single species, but which, nevertheless, possess very 
definite distinctive characters, while no passage forms have as yet 
been precisely described or figured. There are, moreover, certain 
varieties or races which clearly belong to the one or the other of the 
above-named forms. If all these shells are to be regarded as con¬ 
stituting a single species, the only way of dealing symmetrically 
with the varieties in question would be to treat them as sub-varieties 
or races, thereby introducing an awkward element of complexity in 
the nomenclature. For the sake of convenience, the forms above- 
mentioned are therefore treated, in the present catalogue, as separate 
species. 

The group, as here defined, includes the totality of Jousseaume’s 
genus Arabica, together with C. Mauritiana, the solitary species of 
his genus Mauxenia, and also C. stercoraria the type of his genus 
Trona. 0. vmusia Sow (= C. Thatcheri Cox) referred by Jousseaume 
to Trona is here classified with Bernayia. As mentioned by Coss¬ 
mann, the designation MaurUia Troschel claims precedence on 
Maux&nia Jousseaume, but, as already noticed, the d^ee of obli¬ 
quity of the posterior notch that has been relied upon to retain 
this division at least as a section, is too variable a character to be 
taken into account. 
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3bb Division. 

{Cyproea s. str, sec. Jousseaume.) 

The forms included in this division are oval or cylindrical. Ventr- 
ally they are neither flattened nor expanded. The anterior expan¬ 
sion of the aperture, and the narrow, shallow fossula distinguish 
them from the forms included in the Ist division, or Group of Cyprcea 
mappa. The spire, more or less concealed in the adult, is relatively 
very elongate. 

All the forms included in this division appear to belong to a 
single species, Cyproea exanthema Linnaeus. This species was selected 
by Lamarck, in 1801, as the type of the genus Cyprcea, in supersession 
of his choice of Cyprcea mappa^ in 1798. Jousseaume has adhered 
to Lamarck’s second definition, but the matter is of no importance, 
for the divisions at present under consideration are not entitled 
even to rank as sections. 


4th Division. 

{Pantherinaria Sacco.) 

Large shells, with the ventral surface flattened, or even concave, 
the aperture anteriorly expanded, posteriorly somewhat rostrate, 
and with the crowded folds of the columellar lip extending outward 
over the ventral surface; spire very small, flat, sunken in a small 
depression in the adult, or entirely concealed. 

The only forms included in this division are Cyprcea paniherina 
and its varieties. 

Group of Cyproea mappa. 

1 . Cyprcea mappa Linn. 

2. „ vitellus Linn. Living throughout the Indo-Pacific 

region ; fossil in the upper Miocene of Java. 


3. 

>> 

aurantium Martyn. 

4. 

99 

cameola Linn. 

5. 

99 

arenosa Gray. 

6 . 

99 

ventriculus Lam. 

7. 

99 

tesselkUa Swains. 

8 . 

99 

sulddentata Gray. 

9. 

99 

Bardayi Reeve. 

10 . 

99 

leucodon Brod. 

11 . 

f$ 

princqpa Gray. 
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12 . Cyproea prunum Sow, (incl. C. WiUcoxi Dali, C. sitnpU- 

dssima Martin; mr. nasuta Sow. incl. C. Oranti 
d’Arch.) Lower Miocene of Kachh, Sind, Burma, 
Java, Florida. 

13. ,, minor Grat. Miocene of Turin. (Identification un¬ 

certain.) 

14. „ nivosa Brod. 

15. „ leporina Lam. Miocene of Europe. 

16. „ Broderipi Gray. 

17. „ globosa Dujardin. Miocene of Europe. 

18. „ melanostoma Leathes. 

19. „ lynx Linn. 

20. „ tigris Linn. Living throughout the Indo-Facific 

region, fossil in the upper miocene of Java. 

21 . „ testudinaria Liim. 

22. ,, talpa Linn. 

23. „ exusta Sow. 

24. „ argus Linn. 

26. „ apenninensis Sacco. (Oligocene of Piedmont.) 

(Systematic position uncertain.) 

Group of Cypraea arabica. 

26. CyprcBa mauritiana Linn. 

27. „ arabicula Linn. 

28. „ arabica Linn. 

29. „ reticulata Martyn. 

30. • „ intermedia Gray. 

31. „ histrio Meusch. 

32. „ seurra Chemn. 

33. „ gemmula Weink. 

34. „ stercoraria Linn. 

Group of Cyprcea exanthema. 

35. Cyprcea exanthema Linn (incl. C. cervus Liim.) cum var. 

Group of Cyproea pantherina. 

36. Cyproea pantherina Sol. cum var. Living throughout the 

Indo-Pacific region. Fossil in the upper miocene 
of Piedmont. 
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Section: Bernayia. 

Throughout the greater part of the columellar lip, the crenula- 
tions do not extend internally beyond the longitudinal depression. 
The “ fossula ’’ is usually smooth, but is also occasionally ribbed. 
Spire small, visible or more or less concealed. 

"Remarks. —^Amongst the forms which it is proposed to classify 
in this section, C. porcellus has the fossula ribbed and columella 
crenulate. The columella is crenulate in the four following species: 
C. subexcisa, C. subrostraiay C. irravadica, C. liumerosa^ the fossula 
being smooth or only faintly ribbed in C. subexcisa, either smooth 
or ribbed in C. irravadica and (7. subrostrata and generally ribbed 
in C. humerosa. The two Burmese fossils C. arakanensis and 
C. singuensis probably agree in these respects with C. irravadica, 
but the internal characters of the aperture are concealed in all 
the available specimens. The fossula is either ribbed or smooth, 
and the columella crenulate or smooth in various specimens in 
C. fabagina and C. Lancice. The fossula is practically smooth 
arid the columella crenulate in C. cinerea, C. pulchra and C. elongata. 
The fossula is smooth and the columella smooth, or in some cases, 
faintly crenulate in C. lurida, C. media, C. Chevallieri, C. Junghuni, C. 
pinguis, C. Malandainei. Owing to the inadequacy of the published 
iconography and descriptions, it has not been possible to ascertain the 
internal characters of C. clara, V. dcminicensis, C. dertojlavicula, C. 
spurcoides, C. columbaria, C. Beyrichi, C. alabamensis, C. caput-draconis, 
C. lAoyi, C. Bayani, C. Smithi, C. deniiculina, 0. subatomaria and C. 
planodentata, the systematic position of the four last-named as well as 
of C. dertoflaHcula and spurcoides being somewhat doubtful. Illustra¬ 
tions of C. Fultoni are not available in India. In all the other forms 
which it is here proposed to include within the group under consi¬ 
deration, the fossula appears to be smooth and the columella smooth 
or only faintly crenulated. 

Since it has been ascertained that a crenulate columella and a 
ribbed fossula exist in many species undoubtedly belonging to 
the section Bernayia as generally understood, the only distinction 
from Cyprcea s. str. rests on the absence of internal prolongations 
of the apertural denticulations beyond the longitudinal depression 
along the posterior portion of the columellar lip. This might so 
readily result from atrophy that it constitutes a very insecure 
foundation for the establishment of a section. Indeed^ we have 
already noticed that in certain species of Cyprcea s. str. there occur 
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individuals, apparently fully developed, in which these prolonga¬ 
tions are absent, as is frequently observed in C. tigtis. Never¬ 
theless Bemayia, as here understood, includes several groups 
whidh are clearly homogeneous, and in all of which one observes 
a tendency towards a more or less pronounced atrophy of the aper- 
tural denticulations, while, throughout the section Cypram a. str. 
apart from individual aberrations, the complete development of 
the apertural ridges is carried out with great consistency. 

To what extent the various groups included respectively in 
Cypreea a. air. and in Bernayia are truly related to one another, 
remains somewhat uncertain. As above suggested, certain groups 
of Bemayia might merely correspond with certain groups of Cypreea 
a. Ur., being made up of such species as show a tendency towards 
the obliteration of the apertural denticulations. For instance C. 
pulchra, which is generally regarded as a typical Bernayia is dassi- 
fied by Melvill next to 0. talpa which most authors would refer to 
Cypreea a. air.; and it caimot be denied that, except for the difier- 
eaoti in the internal development of the denticulations along the 
eolumellar lip, they exhibit, superficially at least, a close resem¬ 
blance. 

Whether, therefore, all the groups here classified as Cypreea 
a. atr. are really nearer related to one another than to any of the 
groups classified as Bernayia, and vice versd, must remain somewhat 
doubtful until more is known regarding the anatomy of the animals. 
In the meanwhile the two sections Cypreea and Bemayia constitute 
convenient divisions in the distribution of the numerous ^ecies 
respectively classified under these headings. 

In Jousseaume’s scheme, Bernayia was considered to consist 
only of fossil forms. Cossmann has shown that the living forms 
referred by Jousseaume to the genus " Luria ” cannot be separated 
from Bemayia on the ground of any precise distinction. The 
present scheme also unites with Bernayia Jousseaume’s genus Zoila 
consisting of living species which bear the closest relationship to 
some of the fossil forms referable to Bemayia. Cossmann has 
referred to Bemayia a very large number of fossQ forms that were 
unknown to Jousseaume or not taken by him into consideration, 
and, although the amended section contains a number of recent 
diells, yet the fossil qieoies greatly predominate over the recent 
ones, tihe proportion between Uving and fossil being therefore the 
reverse of wimt is observed in the section Cypreea a. air. 
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6th Division. 

Group of Cyprcea dnerea (Luria Jousseaume, pars). 

This division includes medium or small oval shells, which agree 
with the group of Cyprcea mappa in their general shape, in their 
denticulated columella, and the presence of a well developed fossula 
across which the denticulations are frequently continuous. They 
differ owing to the abrupt cessation of the denticulations against 
the depression that marks the inner limit of the columellar lip, 
posteriorly to the fossula. Spire very small, sunken in a depres¬ 
sion. The transverse bands of the immature shells remain visible 
on the dorsal surface of the adult. 

6th Division. 

Group of Cyprcea lurida {Luria Jousseaume, pars). 

Elongate-oval shells resembling some of the more elongate forms 
of the group of Cyprcea mappa which they recall owing to the 
absence of a well developed marginal border, but distinguished 
by the smoothness of the axial portion of the fossula though the 
columella is denticulated. 

As in the previous division, the denticulations of the columellar 
lip do not extend internally beyond the depression which abruptly 
forms its inner limit posteriorly to the fossula. The spire is small, 
surrounded by a slight depression. In the living species, the 
extremeties of the shell are invariably marked by four dark spots, 
two at each end. 

7th Division. 

Group of Cyprcea subrostrata. 

The forms included in this group are of small or medium sme, 
elongate, moderately convex, anteriorly tapering, and are charac¬ 
terised by the feeble development of callus on the ventral surface 
and along the margins. They are all extinct. 

If the inclusion of the lower eocene forms Cyprcea prisca^ and 
C. exerta within this assemblage is correct, the group includes 
the earliest known representatives of the genus Cyprcea^ C. ptisea 
being indeed Thanetian. These forms, however, exhibit somewhat 
generalised features and give rise to some hesitation as to whether 
they are referable to the sub-genus Cyprcea^ or else to the sub-genus 
Cyprceovula^ the latter group being precisely marked by 
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aiohaio features. Moreover the anteriorly sunken aperture of these 
forms is not unlike that of certain cretaceous species especially 
amongst the genus Eocyffcm. There is reason to believe that the 
genus Cyfrcea was derived, in late cretaceous times from the same 
stock as Eocyprceay and that, at the commencement of the eocene 
it diverged into two branches one of more primitive aspect that 
has survived to the present day in CyprcBovula^ while the other 
gave rise to Bernayia^ and, through it, to Cyprcea s. sir. The 
proximity to the point of divergence of the above-mentioned lower 
eocene forms such as C. prisca and C. exerta would therefore account 
for their ambiguous features. 

8th Division. 

The shells of this division are primarily characterised by being 
marginally thickened. 

In this division may be included two groups, one, the group 
of Cyprcea media, constituted by shells of moderately globose out¬ 
line, the other, the group of Cyprcea mus, including extremely broad 
forms, more or less heart-shaped, and very convex. Amongst the 
forms belonging to the group of Cyprcea mm, the marginal thicken¬ 
ings are apt to invade the dorsal surface, and dorsal protuberances 
may be developed. The group of Cyprcea media, genotype of 
Bernayia, appears to be entirely fossil. 

The group of C. mm is undoubtedly derived from that of C. 
media. The earliest forms of oligocene age are without the dorsal 
prominences frequently observed in Cyprcea mm. These promi¬ 
nences first appear in later oligocene times. From miocene to 
recent times, species have been developed both with and without 
prominences, those of the first type being represented at the present 
day by C. mm, those of the second, by the recent (7. thersites and 
C. dedpiens. 

Amongst the species of this group, C. mm and C. leucostoma 
have been classified by Jousseaume and by Melvill with the extinct 
giant cowries of the group Gisortia found in the cretaceous and 
eocene, after which Gisortia became extinct in the northern hemis¬ 
phere. 

The resemblance to Gisortia gisortieusis resulting from the pre¬ 
sence of dorsal protuberances in the recent C. mm. and in certain 
related fossil forms is quite superficial. The apertural characters 
of (7. mus and other related forms exactly coincide with those of 
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CyprcBa and bear no resemblance to those of Gisortia gisortieuait 
and other species of Gisortia. 

9th Division. 

This division contains only the curious C. Malandainei Ch4de- 
ville from the lutecian of the Paris region, a moderately elongate 
shell which resembles some of the forms of the group of C. media, 
but is distinguished by its flattened ventral surface and the consider¬ 
able outward extension of the apertural denticulations. 

Section: Bebnayia. 

5th Division. 

Group of Cyprcea cinerea. 

37. C. (Bemayia) cinerea Gmel. 

38. „ clara Gask. 

6th Division. 

Group of Cyprcea lurida. 

39. C. (JBernayia) lurida Linn. 

40. „ pulchra Gray. 

41. „ dominicensis Gabb. Lower miocene of San 

Domingo. 

42. „ Isabella Linn. 

7th Division. 

Group of Cyprcea subrostrata. 

43. C. (Bernayia) exerta Desh. Lower eocene of the Paris basin 

(systematic position of this and the two 
next species somewhat doubtful). 

44. „ Smithi Aldr. Lower eocene of Alabama and 

Maryland. 

45. „ prisca Desh. Thanetian of the Paris basin. 

46. „ subrostrata Gray (= C, bartonensis Edw., 

acyensis de Rainc.) Upper eocene of Bar¬ 
ton, of the Paris Basin, of Normandy and 
of Brittany. 
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47. C. {Bemaffia) Haueri Miclit. Miocene of Piedmont. 

48. „ angusta Fuchs. Oligocene of the Vicentine^ 

Liguria and Aquitaine. 

49. „ Lioyi Bayan. Mddle eocene of the Yicen- 

tine. 

60. „ Bayani Oppenh. Middle eocene of the Yicen- 

tine. 

61. „ mhphysis d’Orb. Miocene of Piedmont, 

Touraine, Yienna. 

62. „ labrosa Bon. (incl. C. Davidi Font.) Pliocene 

of Piedmont, Liguria and the Ehone valley. 

8th Division. 

Group of Cypraia media. 

53. C. (Bemayia) media Desh. Upper eocene of Paris Basin. 


64. 

99 

Chevallieri Cossm. Lower eocene of 
basin. 

Paris 

66. 

99 

elongata Brocchi. Pliocene of Piedmont 
Emilia. 

and 

66. 

99 

dertoflavicula Sacco (systematic position 
certain). Tortonian of Piedmont. 

nn- 

67. 

99 

amygdalum Brocchi. Miocene of Europe. 


68. 

99 

LcmdoB Brusina. Later miocene of Yienna, 
Piedmont, Transylvania. 

69. 

99 

Jmghuhni Mart. Upper miocene of Java. 


60. 

99 

spurcoides Gabb. Lower miocene of 

Domingo. 

San 

61. 

99 

columbaria Lam. Miocene of Europe. 


62. 

99 

pmguis Bonelli. Miocene of Piedmont. 


63. 

99 

svblyncoides d’Orb. Miocene of Aquitaine 
Piedmont. 

and 

64. 

99 

porceUus Brocchi. Pliocene of Piedmont 
Emilia. 

and 

65. 

99 

dentiouUna Sacco. Oligocene of Liguria. (The 
systematic position of this species and of 
the two next ones is provisional.) 

66. 

91 

avhatomaria d’Orb. Miocene of Aquitaine 
Piedmont. 

and 

67, 

99 

planodaitata Saoeo. Miocene of Piedmont. 
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Group of Cyprcea mw. 

68. 0. {Bernayia) svbexcisa Braun (incl. (7. Jenkinsi d’A. and 
H., C. pinguis Conr. (now Bonelli), C. tumu¬ 
lus Heilpr., C. ventripoteus Cossm.). Oligo- 
cene of Europe, India, Florida, Upper eocene 
of Mississipi, Lower miocene of Sind. 


69. 

>» 

Orbignyana Grat. Older miocene of Aquitaine 
and Piedmont. 

70. 

99 

chilona Dali. Loner miocene of Florida. 

71. 

99 

tumescens Edw. Middle eocene of England. 

72. 

99 

Philippii Spey. Upper oligocene of Cassel. 

73. 

99 

Beyrichi Semp. Oligocene of Germany. 

74. 

99 

sphceroides Conr. (incl. C. obesa Desh., C. ea> 
cellens Koen.). Upper eocene of the Paris 
basin; lower oligocene of Mississipi and 
N orth-G ermany. 

76. 

•9 

angystoma Desh. Middle eocene of Paris re¬ 
gion ; (?) lower eocene of Sind. 

76. 

99 

alabamensis de Greg. Middle eocene of Ala¬ 
bama. (? C\ nuculoides Aldr. perhaps identical). 

77. 

99 

irravadica Vred. Oligocene of Burma. 

78. 

99 

arakanansis Vred. Oligocene of Burma. 

79. 

99 

beberkiriana Mart. Lower miocene of Java. 

80. 

99 

singuensis Vred. (Pal. Ind., new ser. Vol. I, 
part 3, i. PI. XIX, fig. 11). Upper oligocene 
of Burma. 

81. 

99 

humerosa Sow. Lower miocene of western 

India. 

82. 

99 

caput-vipercB Mart. Lower miocene of Java. 

88. 

99 

Henikeri Sow (incl. C. mvrisimilis Mart.; pro¬ 
bably 0. ovata Mart.). Miocene of Java 
and San Domingo. 

84. 

99 

Blandiana Vred. Lower miocene of San Do¬ 
mingo. 

86. 

99 

mus. Linn. 

86. 

99 

carolinensis Conr. Miocene of Carolina. 

87. 

99 

Uucostoma Gask. 

88. 

99 

dedpiens Smith. 

88. 

99 

thersUes Gask. 

90, 

99 

Scatti Biod. 
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91. C. {Bemayia) caput-draconis Melr. 


92. 

I» 

venusta Sow. 

93. 

ft 

Fuhmi Sow. 

94. 

tf 

gendinganensis Mart. 


9th Division. 

95. C. (Bernayia) Mcdandainei Ch6d. Middle eocene of the 

Paris region. 

Section: Mandolina. 

The solitary fossil species included in this division is charac; 
terised by an escutcheon shape in dorsal or ventral aspect, with 
the maximum dorsal elevation quite close to the posterior extremity. 
The internal characters of the aperture have never been figured, 
or minutely described, and, in the only specimen at present available 
in Calcutta, the interior is filled with a hard adhering rocky incrusta¬ 
tion which caimot be removed. The species is probably an aber¬ 
rant form of Bernayia. 

10th Division. 

96. C. (MandoUna) gihbosa Borson. Oligocene and miocene of 
Europe. 

Section: SiPHOCTPiiffiA. 

This division also includes a single fossil species. The posterior 
notch is replaced by a spirally disposed hiatus. The internal 
characters of the columellar lip and columella correspond with 
those of Bernayia, of which this form appears to be an aberrant 
representative. 

11th Division. 

97. C. {SiphocyprcBo) problematica Heilpr. Pliocene of Florida. 

Sub-genus: Adusta. 

Shells of medium or small size in which the “ fossula ” is feebly 
developed or absent. Spire small, usually sunken in an apical 
depression. 

Remarks .—The sub-genus, as here interpreted, includes most 
of the forms classified by Jousseaume in the genera Zonaria Jouss- 
eaume, Adusta Jousseaume, Erronea Troschel, Stolida Jousseaume, 
Cribraria Jousseaume, Naria Gray. Amongst these various designa¬ 
tions, Nairia Gray is anterior to Adusta. In Gray’s scheme, 



Paet 2.] Vhedenbuhg : Classification of fossil Cy'prccidcc, 97 

Narui included a solitary species, characterised by the prominence 
of the more anterior denticulations. As there are not more than 
two other related species in which a similar feature is observable, 
it would be inconvenient to extend the name to the large group 
Adusta as here interpreted; for if the grouping here advocated 
is not adopted, there would thereby arise undesirable fluctuations 
in the nomenclature. 

The designation Erronea Troschel is intermediate in date between 
Naria and Adusta, but was also originally applicable to so small 
a group that its extension to the large sub-genus heie considered 
might likewise lead to confusion. Of Jousseaume's own designa¬ 
tions, Zonaria is printed one page before Adusta, but the Adusta 
group, in Jousseaume’s scheme, is so much more compact and 
consistent that this designation seems preferable. 

The columella never diverges strongly from the base of the 
penultimate whorl with which it is often practically continuous. 
It is always at a short distance from the anterior edge of the colu- 
mellar lip to which it is parallel. Consequently, the broad spoon- 
shaped or triangular fossula which characterises Cyprcea s, str. 
and various other groups of Cy]'ra)id8D is never developed. In 
its place one generally observes a narrow shallow longitudinal 
depression which merges posteriorly into the longitudinal internal 
groove or depression of the columellar lip. In a few instances 
there is no distinct trace of the columellar depression. The colu¬ 
mella is usually, though not invariably crenulate, and the anterior 
crcnulations usually extend across the narrow fossnla or columellar* 
depression. There are a few instances in which the depression 
is smooth in spite of the columella being crenulate, while some¬ 
times the anterior crenulations are so thick and prominent as to 
entirely obliterate the columellar depression. Posteriorly to the 
columella, the denticulations often extend internally beyond the 
longitudinal internal groove or depression of the columellar lip. 

The fossula is entirely absent or quite rudimentary, the colu¬ 
mella smooth or nearly smooth, and there arc no internal prolon¬ 
gations of the crenulations along the columellar lip in the following 
species: C. spadicea, undata, pirum, pallida, picta, Sowerbyi, In 
0. Cumingi, the fossula is smooth and there are no inner prolon¬ 
gations of the crenulations posteriorly to the columella, though 
the columella itself is crenulated. In C. ziczac and Goodalli, the 
fossula is smooth or nearly smooth, but the columella is crenulated 

P 
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and there are internal prolongations of the crenulations posteriorly 
to the columella. The columella is crenulate and the fossula 
ribbed, but the iimer prolongations of the crenulations are wanting 
or indistinct posteriorly to the level of the columella in the following 
species: C. puMieUa, utriculata, microdon, xarUhodon, pundulata 
fabula, antenia. The fossula is nearly or completely obliterated by 
the strong development of the anterior ridges, though the inner 
prolongations of the crenulations, posteriorly to the columella, are 
feeble or absent in the following forms: C. Walkeri, errones, urseOm, 
irrorata. 

The columella is crenulate, but, in the absence of actual speci¬ 
mens it has not been possible to ascertain whether the crenulations 
are internally prolonged posteriorly to the columella in the following 
species: C. zonata, erythraensis, gracilis, Gaskoini. 

Lastly, it has been impossible, from the available descriptions 
and illustrations to ascertain the exact disposition of the internal 
apertural characters in the following six species: C. sanguinolmta, 
Hunqerfordi, Addince, Saules, Rashleighana, Coxeni. 

In all the other species which it is proposed to unite with Adusta, 
the columellar depression is ribbed, the columella is crenulated, 
and the crenulations of the columellar lip are produced internally 
posteriorly to the columella; but there are considerable variations 
in the degree of development or distinctness of these various features, 
which often constitute excellent specific characters. 


12th Division. 

Group of Cyprcea onyx. 

Medium to small, elongate pear-shaped; spire small and sunken. 
The columella is close to the columellar lip, and the anterior twist 
is steep so that there is no properly developed fossula. Columella 
either crenulate or smooth. The crenulations of the columellar 
lip are apt to reappear in the interior of the shell. 

The group, as here interpreted, includes the totality of Jousseaume’s 
genus Adusta with the exception of C. contaminata and C. pallida, 
both of which, in the present scheme, are also classified under 
Adiusta, but in other groups. 
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13th Division, 

Group of Cyprcea fimhriata. 

The somewhat more ovoid shape and the minute dimensions 
distinguish this group from that of C. onyx. In outline they are 
somewhat intermediate between the pear-shaped forms of the group 
of C. onyx and the cylindrical shells of the group of C. stolida. 


14th Division. 

Group of Cyprcea stolida. 

Elongate sub-cylindrical, small spire in a depression ; columella 
denticulate; denticulations of the columellar lip extending into 
the interior of the shell ; the marginal callus forms a rim to the 
dorsal surface, especially on the right side; the apertural denti¬ 
culations may extend over the whole width of the ventral surface 
and as far as the edge of the dorsal rim, or at least reappear as 
dorsal crenulations along the edge of the dorsal rim, at least on 
the right side. The terminal extensions of the marginal callus 
form a distinct rim round the terminal apertural notches. 

The extremities each carry a pair of dark spots. 

From the shells here classified in the group of C. onyx, those 
of the present group are principally distinguished by their more 
cylindrical shape. 

Th’s group coincides principally with Jousseaume’s genus Stolida. 
With respect to C. punctata, here included in the group, some con¬ 
fusion must have crept into Jousseaume’s lists as it is twice repeated, 
once under Zonaria and once under Cribraria. 


16th Division. 

Group of Cyprcea errones. 

Shape sub-cylindrical to broadly oval. Spire sunken. The rims 
round the small terminal notches, especially round the posterior 
one, are less sharply defined than in the group of Cyprcea stolida ; 
the inner furrow of the columellar lip is less distinct, the denticula- 
tions do not spread externally to the same extent, the four terminal 
spots are usually present, 

p2 
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16 th DmsioH. 

Group of Cyprcea irrorata. 

Small, more or less elongate, ovoid, spire small and flat, but 
not surrounded by a depression. 

There is no fossula in consequence of the peculiar disposition 
of the edge of the columellar lip which, in an anterior direction 
sinks inward in such a way as to coalesce with the anterior edge 
of the columella. Four terminal spots are present as in the preced¬ 
ing groups. 

This group corresponds with the genus Naria Gray as inter¬ 
preted by Jousseaume. 


17th Division. 

Group of Cyprcea teres. 

The forms of this group resemble those of the group of C. errones 
but are distinguished by the more extended callus which disguises 
the terminal spots at the adult stage. 

18th Division. 

Group of Cyprcea cavrica. 

Callous border more exaggerated than in the group of C. teres, 
and more or less gibbous or tumefied. 

This group includes two species, C. cruenta and C. caurica. 
which form a link between the group of C. teres and the sub-genus 
Erosaria. 

They are remarkable for their powerful denticulations especially 
on the outer lip. The internal furrow is distinct though shallow 
in C. cruenta. In C. caurica it is almost obliterated by the promi¬ 
nence of the denticulations. 

19th Division. 

Group of Cyprcea cribraria. 

Small shells sharply bordered on the right, dorsal rim denti 
culated; ribbed internal groove; sunken spire. 

These shell" show an approach towards the sub-genus Erosaria. 
Cyprcea cribrana is distinguished from most species of Erosaria 
by the presence of internal prolongations to the apertural dentkmla- 
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tionB throughout the entire length of the columellar lip, a feature 
very seldom observed in Erosaria. In C. Cumingi these internal 
prolongations are not developed posteriorly to the columella proper. 
If we rely upon this character alone, C. Cumingi might therefore 
be classified with Erosaria as well as with Adusta; nevertheless, 
it is, in many respects, so closely related to C. cribraria that its 
inclusion in the same group seems well-founded. Similarly, al¬ 
though it has not been pc^ible to ascertain fully the internal charac¬ 
ters of C. Coxeni and C. Gaskoini, their resemblance to C. cribraria 
has prompted their classification next to that species rather than 
in Erosariay the very homogeneous aspect of which they would 
impair by their somewhat different facies. 

Further information concerning the radula or the anatomy of 
these forms would probably remove these uncertainties of classifica¬ 
tion. 

It may be mentioned that the pale spots usually seen on the 
dorsal surface of the shells of the Cribraria group are caused by 
the resorption of patches of a thin dark layer, while the dorsal spots 
of Erosaria, on the contrary, originate from a discontinuous super¬ 
ficial layer deposited in patches. 

All the forms here included in the group of C. cribraria are 
classified by Jousseaume in his genus Cribraria, 


Sub-genus: Adusta. 

12th Division. 
Group of Cyprcea onyx. 


98. C. (Adusta) 

onyx Linn. 

99. „ 

spadicea Swains. 

100. 

lutea Gronov, 

101. 

asellus Linn. 

102. 

lentiginosa Gray. 

103. 

zonata Chemn. 

104. 

sanguinolenta Gmel. 

106. 

piriformis Gray, 
the pliocene of J 

106. 

Walkeri Gray. 

107. 

pukhella Swains. 

108. 

subviridis Reeve. 


(0. sondeiana Mart., fossil in 
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109. C, (Admta) undata Lam. 

110. „ ziczac Linn. 

111. „ clandestina Linn. 

112. „ pirum Gmel. 

113* „ utriculata Lam. Living in the Mediterranean; 

fossil in the upper miocene and pliocene of 
Piedmont, and in the pliocene of Piedmont, 
the Vicentine and ^e Alpes Maritimes. 

114. „ Hungerfordi Sow. 


13th Division. 

Group of Cyprcea fimbriata. 
116. 0. (Adusta) fimbriata Gmel. 


116. 

91 

macula Ad. 

117. 

9 > 

microdon Gray. 

118. 

99 

contaminata Gray. 

119. 

99 

Ooodalli Gray. 

120. 

99 

Adelines Bob. 


14th Division. 

Group of Gyprcea stoUda. 

121. C. (Adusta) stolida Linn. 

122. „ erythrceensis Beck. 

123. „ hirundo Linn. 

124. „ neglecta Sow. 

126. „ coffea Sow# 

126. „ Oweni Gray. 

127. „ insmVpta Mart. Fossil in Java, probably plio- 

cene. 

128. „ punctata Linn. 

129. „ gracilis Gask. 

130. „ SmlcB Gask. 

131. M quadrimamlata Gray. 

132. „ cyUndrica Born. (incl. C. subcylindrica Sow.), 

133. „ cincta Mart. Lower miocene of Java. 
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134. 

C. {Admta) 

16th Division. 

Group of Cyprcea errones. 
errones Linn. 

136. 

>> 

pallida Gray. 

136. 


xanthodon Gray. 

, 137. 


punctulata Gray. 

138. 

>> 

nigropunctcUa Gray. 

139. 

J) 

picta Gray. 

140. 


Sowerbyi Kien. 

141. 

C, [AdAisia) 

16th Division. 

Group of Cyprcea irrorata, 
ursellus Gmel. 

142. 

99 

fahula Kien. 

.143. 

99 

irrorata Sol. 

144. 

C. (Admta) 

17th Division. 

Group of Cyprcea teres, 
teres Gmel. 

145. 

99 

Rashleighana Melv. 

146. 

99 

interrupta Gray. 

147. 

99 

rhinoceros Souv. 

148. C. (Admia) 

18th Division. 

Group of Cyprcea caurica, 
caurica Linn. 

149. 

99 

cruenta Linn. 

160. 

C. (Adusta) 

19th Division. 

Group of Cyprcea crihraria. 
cribraria Linn. 

161. 

99 

Coxeni Cox. 

152. 

99 

Oaskoini Reeve. 

163. 

U 

CunUngi Gray. 
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Sub-genus: CYPRiEOVULA. 

The chief characteristic is the feeble development of the terminal 
notches which are nevertheless distinct. The columella is denti¬ 
culate. Superficial callus feebly developed. 

Remarlcs ,—Owing principally to the feeble development of callus 
and of the uppermost final porcellaneous layer, the species here 
included within this group curiously resemble immature specimens 
of CypraBidflB of other grcfUps, principally those of the section Cyprcea 
8, 8tr, To this fact is largely due the persistence of a more or 
less distinct spiral or reticulated sculpture in the adults of many 
species; such spiral ornaments being frequently observed on the 
immature shells of various groups of Cypreeidse, though less frequently 
in Cyprcea s. $tr. than in certain other groups. It is particularly 
interesting to observe that, in <7. Ada^nsoni, a species particularly 
noticeable for its pronoimced spiral sculpture, there occur specimens 
in which a superficial final coating of porcellaneous substance has 
almost obliterated the spiral markings. 

In accordance probably with the immature facies of the shells 
of this group, the internal apertural characters are exceedingly 
variable; the fossula being occasionally very large, strongly ribbed, 
the columella crenulate, and the denticulations prolonged internally 
in the manner of a Cyprcea s, str. as in C, pulicaria ; while in other 
instances the development is much less complete and recalls various 
dispositions observed in Bernayia or Adusta. 

Information regarding the internal apertural characters is not 
available for the following forms: C. Archeri, C. Jonesiana, C. 
pirulata, C. ampullacea, C, 8uhpimlata, C. brachypyga^ C, eratoformi8. 

Amongst other species, the majority have a distinct fossula 
which, nevertheless, becomes small or even rudimentary in C, 
algoensisy C, fuscodentata, C, similis, C, edentula. The fossula is 
indistinct in C. capensu and C. amphithales and is said to be missing 
in C, Dalli, Cyprcea eubeidua has a large fossula, but there is no 
information as to whether it is smooth or ribbed. In Cyprcea 
Adameoni, both the columella and the well-developed fossula are 
smooth. In the four species already alluded to, namely C, algoeneu, 
C, fuscodentata, C, 8imili8, C. edentula, the fossula is either feebly 
ribbed or smooth, the columella either smooth or feebly crenulate; 
these characters varying amongst different specimens of one species. 
The indistinctness of the fossula in C, capemie and 0. amphithales 
is due to the absence of a wdl marked apertural edge to the anterior 
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part of the columellar lip, but in both these species, the columella 
is crenulate. In all the other species regarding which information 
is available, namely C. contusa^ C, Reevei, C, angusta/la, C, piperita, 
C, pulicaria, C. sqitalena, C. parallela, the fossula, in the adult 
stage, is always distinctly ribbed and the columella distinctly crenulate. 
As regards the presence or absence of internal prolongations to 
the denticulations of the columellar lip posteriorly to the columella, 
there is no available information with regard to C. squalena and 
C. parallela. The internal prolongations are well developed in C, 
pulicaria, they are absent in all the other species above alluded to. 

The Australian Tertiary form C. contusa M. Coy, together with 
a number of other Australian tertiary species, has been classified 
by Cossmann separately from the group of C. algoensis in a section 
Austrocyprwa, on account of the ribbed columellar fossula exhibited 
by these fossils. From the above enumeration it will be observed 
that this feature is too variable amongst both the living and fossil 
forms to be taken into account as a sectional character. 

It ha^ not been possible to sub-divide this sub-genus into sharply 
defined groups. It may be treated therefore as a single division. 

Note. —The sub-genus as here interpreted includes both C. capensis 
and C. algoensis, the genotypes respectively of Gray’s genera Cyprceovula 
and Luponia, and it is necessary therefore to decide upon a choice between 
these designations. 

In the introductory part of his great “ Monograph of the 

Cyprseidse,” it was Gray’s original intention, in 1824, to include 

in the Cypra3idae three genera, which he named Cyprcea, Cyprceovula, 
and Ovula, without designating any types. The genus Cyprceovula 
was founded chiefly upon the very subsidiary character of the 
absence of denticulations along the columellar lip (Zool. Jour., 

Vol. I, p. 75). 

Four years later (Vol, III, p. 574), Gray withdrew the genus 
Cyprceovula and re-united it with Cyprcea, informing us at the 

same time that the type was to have been Cyprcea capensis. Indeed 
the sentence is worded in such a manner as to convey the impression 
that C. capensis was to have been the only member of the proposed 
genus: When I commenced this Monograph, I intended to have 

separated this species from the other Cowries, as a distinct genus, 
under the name Cyprceovula (Zool. Journal, i, 75),” While thus 
re-uniting C. capensis with the genus Cyprcea, Gray very appropriately 
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commented upon its extremely close relationship with C. algoensis. 
Gray’s revised opinion of 1828, was very soon once more retracted; 
neverthdess it has been adhered to by the great majority of natura¬ 
lists, and it is generally admitted that Cyprcea capensis does not exhibit 
any characters that would justify its generic separation from Cyprcea 
though it may constitute the type of a sub-genus. At all events 
the establishment of C. capensis as genotype of Cyprasomla is amply 
authenticated, if not with the date 1824, at least with the date 
1828, and, as C. algoensis undoubtedly belongs to the same group, 
we are definitely spared from making use of the hideous name 
“ Luponia" which Gray, in 1832, selected for a new genus, with 
C. algoensis as the type, and which various authors have infiicted 
upon numerous shells, many of which are objects of rare elegance. 

It may be mentioned that Melvill’s discovery of C. amphithales 
irrevocably defeats all possibility of separating Cyprceomla and 
Luponia even as distinct sections. 

154. C. {CyprcBovula) contusa McCoy. Eocene of Australia. 


165. 


angustata Gmel. 

166. 


piperita Sol. (incl. C bicolor Gask.) (specific 
distinctness from C. angustata not well 
established). 

167. 

>> 

Reevei, Gray. 

168. 


squalena Tate. Upper eocene of Australia. 

169. 


parallela Tate. Upper eocene of Australia. 

160. 

99 

Archeri T.-Woods. Upper eocene of Tas¬ 
mania. 

161. 

99 

subsidua Tate. Upper eocene of Australia. 

162. 

99 

Jonesiana Tate. Miocene and pliocene of 
Australia. 

163. 

99 

pirulata Tate. Upper eocene of Australia. 

Ifi4. 

99 

ampullacea Tate. Eocene of Australia. 

166. 

99 

stibpirulcUa Tate. Upper eocene of Australia. 

166. 

99 

brachypyga Tate. Upper eocene of Australia. 

167. 

99 

ptdicaria Beeve. 

168. 

ff 

algoensis Gray. 

169. 

99 

fuscodentata Gray. 

170. 

99 

simiUs Gray. 

171. 

99 

edentida Sow. 

172. 

99 

capensis Gray. 

173. 

99 

amphithales Mdv. 



Paet 2.] Ybedenbitbo : Classification of fossil CyprocidcB. 107 

174. C. {CyprcBOVula) Adamsoni Gray. 

176. „ eratoformis H. and A. Miocene of Transylvania. 

176. „ corbuhides Bell. Upper eocene of Nice. 

177. „ Dalli Aldrich. Upper eocene of Mississipi. 

Sub-genus: MoNETAKIA. 

Small-medium. Ventrally flattened and sub-symmetrical. In¬ 
terior longitudinal groove along columellar lip feeble or absent. 
The marginal swelling forms a continuous rim round the dorsal 
surface, broader than in Erosaria and not crenulated. The small 
spire is quite flat and is entirely concealed when the specimens are 
adult. 

21st Division. 

Group of Cyprcea moneta. 

The shells of this group are distinguished by the complete absence 
of denticulations along the columella. Colours pale. 

In this group I have ventured provisionally to classify the 

eocene fossil C, Cecilice, the t5rpe of Cypropterina de Gregorio, as 
the available figures and descriptions do not reveal any precise 
difierential characters. Cossmann has retained the division as a 
section owing to the absence of dorsal protuberances. These 
protuberances which usually characterise C, moneta are not seen in 
other species of the sub-genus and cannot therefore be regarded as 
characters of more than specific value. 

22nd Division. 

In this division, the columella is slightly denticulate. The 

colours are vivid and dark, of various tinges of brown, associated 
with white. 

This division includes only one species. C. caput-serpentis. 

Sub-genus: MoNETARIA. 

21st Division. 

Group of Cyprcea moneta. 

178. C. {Monetaria) moneta Linn. 

179. »> obvallata Lam. 
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180. C. (Monela/fia) annulus Linn. Living throughout the 

Indo-Pacific region; fossil in the miocene 
of Java. 

181. „ CecilicB de Grag. Middle eocene of the 

Vicentine. » 

22nd Division. 

182. C. {Monetaria) caput-serpentis Linn. 

Sub-genus: Erosabia. 

Small to fairly large-medium. Somewhat pear-shaped, broad 
to moderately elongate. More or less flattened ventrally. Spire 
small, often surrounded by a groove in the adult shell. The callous 
thickening of the ventral surface does not extend to any distance 
over the dorsal surface round which, therefore, it forms a rim surround¬ 
ing the entire margin of the shell, even round the terminal notches, 
dorsally fimbriated with denticulations which may coincide with 
the apertural denticulations, or else are more crowded. The fossula 
is narrow and often feebly developed. The apertural denticulations 
are often expanded externally over a considerable extent of the 
ventral surface. 

The surface of the adult is frequently ornamented with pale 
spots which may be ocellated. Immature shells in which the final 
callous thickening is not yet fully developed, are undistinguishable 
from CyproBomla. 

For the sake of convenience in the enumeration of the species, 
they may be distributed into four groups, namely those of C. spurca, 
C. acellata, C. Lamarcki, and C. erosa, of which, however, only the 
one last-named is at all sharply demarcated. 

Remarks .—In some of its internal apertural features this group 
is fairly consistent. Posteriorly to the level of the columella there 
are never any distinct internal prolongations of the denticulations 
along the columellar lip, except in C. nucleus. The colmuella is 
usually close to the apertural edge of the columellar lip so that the 
fossula is usually reduced to a narrow elongate depression and may 
even be rudimentary or absent. The species in which the fossula is 
most conspicuously developed are C. polita, C. staphylcsa and C. 
nudeus. In the majority of instances, the fossula is ribbed and the 
columella rarenulate. In C. gangranoaa, the very narrow fossula is 
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practically obliterated by the strongly developed prominent ridges. 
In C. Beckii and (7. margarita, the fossula, though well developed, 
is smooth, and the columella crenulate. The fossula is rudimentary 
though the columella is crenulate in C. ocellata, C. miliaris, C, 
eburnea, C\ guttata. The fossula is rudimentary or absent and the 
columella obscurely crenulate or quite smooth in the following species : 
C, turduSy C, pustulata ; the same apparently being the case with C. 
bicallosa, C, Listen and C. citrina so far as can be judged from 
available illustrations. 


Section: Eroraria. 

Surface surrounding the aperture not sunken; anterior termina¬ 
tion not abruptly constricted (characters which distinguish Erosaria 
8, sir, from the section Cyprceotrivia), 

The group, as here defined, includes all the species classified by 
Jousseaume in Erosaria, with the exception of C. caput-serpentis here 
referred to Monetaria and the somewhat uncertain C\ Macandrei 
Sow. It also includes the forms constituting Jousseaume’s genera 
Staphylcea and Nuclearia. C. limacina which bears the closest 
relationship to C. staphylcea, the genot}q)e of Jousseaume’s genus 
Staphylcea is so closely related to C. erosa, the genotype of Erosaria 
as to give rise frequently to some hesitation in the identification of 
certain specimens : while several authors regard it as a mere variety 
of C. staphylcea. Obviously neither a generic nor even a sectional 
distinction can be attempted where even the specific differences are 
so feebly marked. 

Neither can iV uclearia be separated even as a section. The 
dorsal pustules observed in C. nuclei and several related species, 
are merely exaggerations of the typical dorsal spots of the species 
belonging to the group of C, erosa, while the transverse dorsal ridges 
are nothing but extensions of the marginal dorsal crenulations. 
C. staphylcea with dorsal pustules is very closely related, on the one 
hand, to C, nucleus with pustules and ridges, type of Nuclearia, and 
on the other hand to C, limacina, with smooth dorsal surface, which, 
as already observed, many authors regard as specifically identical; 
while the close relationship between C. limacina itself and C, erosa 
has also been alluded to. It is obvious that the type-species of 
Erosaria and Nuclearia cannot be placed in separate sections, and 
that the section Nuclearia must be dispensed with. 
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23bd Division. 

Group of Cyprcea spurca. 

This division which may be distinguished as the group of Cyproea 
apuroa includes small to medium shells with the dorsal marginal rim 
feebly prominent. They are usually of various shades of brown, and 
spotted. 


24th Division. 

Group of Cypraea ocellata. 

The shells of this division which may be distinguished as the 
group of Cyprcea oceUata are of medium size and have a broad margin 
and a flattened sub-symmetrical ventral surface. The living species 
are bright-coloured. 


25th Division. 

Group of Cyprcea Lamarcki. 

The shells constituting this division which may be distinguished 
as the group of Cyprcea Lamarcki are fairly large, more pear-shaped 
than those of the C. ocellata group, with the margin more or less 
expanded. 


26th Division. 

Group of Cypraea erosa. 

The shells of this division are of small or medium to fairly large 
size, characterised by the extremely pronoimced development of 
the marginal thickening on the right side, which may be carried to 
such an extent as to give a sub-symmetrical shape to the shell. 
The dorsal spots consist of patches of superadded callus frequently 
so thickened as to form raised granules. 


Section: Ctfb.xotrivia. 

Small to medium, pear-shaped, almost symmetrical, dorsal surface 
margined on both sides, ventral surface sloping inwards from both 
sides towards the deeply inset narrow aperture terminated posteriorly 
by a small notch, while the anterior extremity is either very feebly 
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notched or merely truncated, or else the enclosing rim may even 
exhibit a convex appearance in a dorsal or ventral view. There 
is often a median dorsal groove. The apertural ridges may be 
continued over the dorsal surface which may also carry granules. 

The forms which it is proposed to include within the above- 
defined group so seriously impair the homogeneousness of any other 
group with which we may attempt to associate them that they may 
perhaps be more conveniently classified , in a separate section. The 
anterior snout-like contraction of the shell and the sunken aperture 
differentiate these forms from such species, here grouped with 
Erosaria, as show a pronounced approach to symmetery, such as 

C. nucleus. The structure of the anterior apertural termination 
is the exact opposite of that which characterises Pustularia, in which 
the anterior termination, viewed dorsally or ventrally, instead of 

truncated or convex, appears deeply and narrowly concave in conse¬ 
quence of the extensions of the apertural lips. The forms under 
consideration are also less spherical than Pustularia, 

‘ The proposed group ranges through the eocene, oligocene and 
miocene, being represented by different species in each of these 
periods.^ 

Most of these forms appear to have a well developed fossula 

usually ribbed. It is said to be smooth in C, Duclosiana and rudi¬ 
mentary in C, Recluzi. 

Of the two species included by Jousseaume in his genus Jenneria, 
Cyprcea pustulata, the genotype, is a t 3 rpical Erosaria; the second 

species being C. Duclosiana which may be taken as the type of the 
section here proposed. Sacco has retained the generic name Jenneria 
in which he includes C. pustulata which is a typical form of 
Erosaria, and C, Iceviapenninica, and C. Duclosiana, The use of 
the designation Jenneria for the group at present under considera¬ 
tion would so alter its original meaning as to lead to confusion. 
Under the circumstances it has been considered best to establish a 
new designation, provisionally at least, until it can be ascertained 
whether C. parvulorhis the type of de Gregorio’s Cyprceoglobina 
may not also belong to the group at present under consideration. 

^ There is reason to suspect that the group under consideration includes C. parvu* 
lorhis de Gregorio, specimens and descriptions of which are not available in India, 
which constitutes the type of de Gregorio’s genus CyprcBoglobina. In this case) 
the group here defined as Cyprasotrivia would naturally Wome CyprceoglMtia, while 
Cyprceoglobin^i as understood in the present work, would resume the designatioa 
iMpon^nUa Sacco. 
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Sub-genus: EbosARIA. 

Section; Erosaria. 

23ri> Division. 

Group of Cyyrcea spurca. 

183. C. {Erosaria) cemica Sow. 

poraria Linn. 
gangranosa Sol. 
flaveola Linn. 
spurca Linn. 

Antillarum Vred. (= C. spurca L. sec. Gabb, 
Trans. Am. Phil. Soc. Philad., n. s. Vol. XV, 
p. 235). Lower miocene of San Domingo. 
bicallosa Gray. 

Thomasi Crosse. 

Listeri Gray. 
albuginosa Mawe. 

Beckii Gask. 

Martini Schepm. Pleistocene of Celebes, 
margarita Sol. 


24th Division. 

Group of Cyprcsa ocellata. 

196. C. {Erosaria) helvola Linn. 

197. „ citrina Gray. 

198. „ ocellata Linn. 


25th Division. 

Group of Cypraea Lamarcki. 
199. C. {Erosaria) Lamarcki Gray. 


200. 

99 

miUaris Gask. 

201. 

99 

dntmea Barnes. 

202. 

99 

guttata Gray. 

203. 

91 

(Urdus Lam. 


184. 

185. 

186. 

187. 

188. 


189. 

190. 

191. 

192. 

193. 

194. 

195. 
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26th Division. 

Group of CyprcBa erosa. 

204. (7. {Eroacuria) erosa Linn, cum var. Living throughout the 

Indo-Pacific region; fossil in the 
upper miocene and pliocene of Java 
and Sumatra, and the pleistocene of 
Obock. 


206. 


limacina Lam. 

206. 

99 

polita Rob. 

207. 

99 

staphylcBa Linn. 

208. 

• 9 

gampingensia Mart. Probably miocene. 
Java. 

209. 

99 

jindienais Vred. Oligocene of Sind. 

210. 

99 

nucleus Linn. 

211. 

99 

Woodwardi Vred. (Geol. Mag., Dec. 2, 
Vol. VI, PI. XIII, fig. 7). Miocene 
of Nias. 

212. 

99 

madagaacarensia Gmel. 

213. 

99 

puatulata Lam. 

214. 

99 

Oabhiana Guppy. Lower miocene of San 
Domingo. 


Section : CvpitaEOTRiviA. 

27th Division. 

215. C. {Cyprceotrivia) Recluzi Cailliaud. Upper eocene of 

Britanny. 

216. „ pulliensis Oppenh. Middle eocene of 

the Vicentine. 

217. „ pisularis de Greg. Middle eocene of the 

Vicentine. The exact systematic position 
of this shell and of the following one is 
doubtful. 

218. ,, Zignoi Oppenh. Middle eocene of the 

Vicentine. 

219. „ Oppenheimi Vred. (Mem. Geol. Surv. Ind. 

Vol. XXVII, PI. V, fig. 12). 

220. lamceapenninica Sacc. Oligocene of Liguria 

and Venetia. 


B 
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221. C, {Cyprmlrivia) Dudosiana Bast. Miocene of Aquitaine, 

Piedmont, Vienna, Hungary. 

Neugeboreni H. and A. Miocene of Hun¬ 
gary. 

Evenoigni Mart. Upper miocene of Java. 
oMus Oppenh. (systematic position doubtful). 
Upper eocene of the Priabona region, 

Genus: CYPILfflOGEMMULA. 

BfXceedingly small, ovoid and posteriorly somewhat ovoid, with 
visible spire. Dorsal surface entirely ornamented with granulated 
transverse ribs of various alternating sizes, which, just as in Cyprcedia, 
belong to the proper dorsal shell-wall, and do not represent prolonga¬ 
tions of the apertural crenulations. Ventral surface unsymmetrical, 
rather sunken anteriorly, sharply margined by a pronounced angula- 
ted rim. Aperture narrow, nearly straight, terminated at each end 
by a small constricted somewhat tubular canal. The posterior ter¬ 
minations of the apertural lips project in such a manner as to com¬ 
municate a deeply notched appearance to the dorsal aspect of the 
posterior apertural outlet. Apertural ridges extending outward over 
the whole width of the ventral surface. 

It has been thought advisable to establish this genus for Trivia 
scabriiiscula von Koenen, as it is impossible to fit this extraordinary 
little shell in any hitherto recognised division of the Cypreeidee. It 
probably comes nearest to Pustularia of which it perhaps represents 
an ancestral form. 

I. CyprcBogemmula scabriuscula Koen. Oligocene of Lattorf, 
Genus: PUSUTLARIA. 

Sm&ll, dorsally globular, ventrally somewhat flattened, practically 
symmetrical with respect to the right and left halves of the shell, 
as also with reference to a plane perpendicular to the axis. Extre¬ 
mities produced into small narrow canals. Aperture linear; colu¬ 
mella always terminated by a prominent internal oblique ridge 
anteriorly limiting a well-defined fossula. The columella is always 
smooth in P. annulata, usually crenulate in every one of the other 
species. 

The genus is not known in a fossil condition. 

1. Pustularia cicereula loan. 


222 . 


223. 

234. 
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2. Pustularia globulus Linn. 

3. „ Childreni Gray. 

4. „ annulcUa Gray. 

Genus: CYPR-ffiDIA. 

Globose or ovoid shells small medium to large, in which the apex 
becomes involute in the later stages of growth. 

Sub-genus : Cypr^DIA. 

This sub-genus is characterised by the persistence of spiral 
ornaments at the adult stage. Certain forms of Eocypraea are spirally 
ornamented even in the adult stage, thereby resembling Cyprcedia, 

The proportions are usually more symmetrically attenuated towards 
both extremities in Cyprcedia than in Eocyprcea, the maximum 
diameter occupying a less posterior position in Cyj)rcBdia than in 
Eocyprcea; moreover, the maximum diameter, in Cyprcedia, is, at 
the same time, the region of maximum curvature, so that the general 
outline tends to assume a spindle-shape instead of the more evenly 
globose or ovoid shape of Eocyprcpay the apical portion, in particular, 
acquiring thereby somewhat more of a conical instead of spherical 
disposition in Cyprcedia than in Eocyprcra, 

The columellar lip is internally bordered by a narrow longitudinal 
furrow, across which the denticulations may internally reappear. 
This furrow does not exhibit any tendency to expand at its anterior 
termination where it may even be entirely obliterated by the strong 
development of the more anterior denticulations. When the furrow 
is not anteriorly obliterated, the columella is denticulate. 

At later stages of growth the apex is completely involute, though 
the umbilical funnel thereby produced is usually visible only in 
internal casts, as, when the shell is complete, it is concealed by the 
termination of the outer lip. In the two species of which the emb¬ 
ryonic shell has been described, C. sulcosa Lam. (Pezant, 1910, 
Coq. foss. Fames, p. 24, PI. XIV, fig. 14), from the middle and upper 
eocene of the Paris basin, and C. conigera Martin (Samml. d. geol. 
Reichsmus, in Leiden, n. F., Vol. II, H. 4, p. 156, PI. V, fig. 121) 
from the upper eocene of Java, it has the shape of a steep minute 
cone, in which the smooth protoconch is succeeded by two or three 
whorls carrying two sets of oblique raised lines intersecting one another 
in “ engine-turned ” fashion, succeeded by another whorl decorated 

s2 
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with a trellis of square meshes of axial and transverse raised lines, 
the final type of sculpture such as characterises the full-grown shell, 
being first assumed only with the fifth or sixth whorl after the nucleus. 
The published illustrations of C. conigera clearly show how, as soon 
as the adult character of sculpture is established, the suture, which 
hitherto had exhibited a normally anteriorly oblique trend in a 
forward direction, becomes posteriorly oblique, thus initiating the 
involute disposition of the apex characterising the later whorls. 
Even in a form apically so flattened in the adult stage as C, elegans, 
Cossmann has observed that the embryonic shell has a conical spire 
(MoUusques 6oc6niques de la Loire-Inf6rieure, Vol. I, p. 162).^ 

In addition to the forms enumerated below, it is also possible 
that CyprcBQ densepUcata Boettg. (Tertiarform. v. Sumatra, Th. 1, 
in Pal. Suppl. Ill, p. 77, PI. VI, fig. 6), from the upper eocene of 
Sumatra, may also belong to the sulcosa group of this sub-genus, but 
it is founded on material too imperfect for a secure determination. 

There is some doubt as to the correct generic attribution of the 
Javanese Cyprcedia Feuilletaui Martin (1912, Samml. d. geol. R. 
M. in Leiden ser., 1, Vol. IX, p. 134, PI. IX, fig. 1), presumably 
miocene, the apex of which is undescribed and the aperture concealed ; 
perhaps might it be an immature stage of Cyprcea (Erosaria) gam- 
pingensis Mart, from the same locality Gunung Gamping near 
Djokdjokarta. 

The species included in this division may be arranged into two 
groups: one of relatively broad shells, including C, elegans and 
C. alveolinarum; and a second group of more elongate, almond- 
shaped shells, including C, sulcosa^ C, interposita, C. Sophies, 
C. melingenis, C. conigera^ and C. birmanica which is perhaps identical 
with C, conigera, 

Cyprcedia is almost entirely restricted to the eocene, though in 
America one species, C, fenestralis, survived from the upper eocene 
into the oligocene. 

Group of Cyprcedia elegans. 

Shape relatively globose, posterior terminal portion of outer 
lip almost transverse to the axis. 

1. The conical spire of the Javanese shell has been regarded by Martin as a character 
distinguishing it from all other species of Cyproedia. It is obvious, however, that the 
solitary type, the maximum restored length of which does not reach 8 mm. is an immature 
specimen, this dimension being greatly inferior to that of all other Cyprcedia species ; 
a conclusion further confirmed by Pezant*s observations on the immature stages of the 
rather large C, sideoca, in which the embxyonio shell corresponds in size and shape with 
that of C. eontgera. 
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Group of CyprcBdia sulcosa. 

In the shells of this group, the most posteriorly situated portion 
of the outer lip meets the axis at an angle of considerably less than 
90® instead of being disposed transversely or nearly transversely 
as in the shells belonging to the group of C. elegans. 


Sub-genus: Cypr^oglobina. 

Large ovate shells, with a more or less concealed umbilicated 
apex in place of a spire, with usually a relatively broader anterior 
extremity than Kocyprady and with crenulated columella, terminated 
anteriorly by a ])r()ininent twisted rib which is disposed more trans¬ 
versely than the steeper corresponding portion in Eocyprcea, 

Note. —De Gregorio's work on the fauna of San Giovanni Ilarione not being 
available in India, it is imjiossible to form any opinion as to the merits of Cyprceo- 
globina iiH originally delined in 1880. The fact th.it de Gregorio's type O. por- 
vulorhis is a small hIicII casts a ver\ serious doubt ujion its belonging to the group 
Cyproeoglobiu(i as re defined by ('ossmami in 1903, and if it should prove to belong 
to some other division, precedence would belong to Luponovulay with C\ Proserpince 
for Its type, as established in 1894 by Sacco who totally discarded de Gregorio’s 
('yprcBogUthim on the plea that it is made up of a heterogeneous assortment of shells 
belonging to various groups. Sacco has included only three species in Luponovula : 
(\ Proserpinoiy ( \ oHgovaia, and (\ Xeumayri Hoernes and Auinger. The latter is a 
small miocene shell, represented by a solitary specimen whic h show's no trace of 
the cohirnellar characters distinguishing Cyprceoglobina as defined by Cossmanru 
Moreover there is strong reason to suspect that C\ Neuinayri is merely an immature 
individual of C. DHcluHiann wiiicli belongs to a different group. Luponowila is 
therefore not much more homogeneous than the original Cyprceoglobina* For 
the present, wo may adhere to the euphonious name Cyprceoglobinay in the sense 
of (vossmanil's definition, to designate these remarkable shells, with either C. 
ProserpincB or C\ oligovata as neotype. 


Sub-genus: SuLCOCYPRiEA. 

This division may be treated as a separate sub-genus pending 
the possibility of obtaining more information regarding its characters, 
though there is little doubt it will eventually be found to 
correspond with one or other of the preceding sub-genera, or with 
Eocyprcea, 

The genotype is of small-medium size, recalling in outline the 
more pear-shaped forms of Cypreedia s, str,, such as C, clathrata 
or C, Lhommei ; it also resembles Cyprceoghbinay but is anteriorly 
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more attenuated. The ornamentation appears to differ very essenti¬ 
ally from that of Cyfroedia s. str., since it consists of spiral grooves, 
not of spiral ribs. Moreover, on the dorsal surface it would seem 
that these grooves are so fine and so crowded as to be clearly visible 
only with the help of a lens, while, on the left side of the ventral 
surface, they are wide spaced and very deep. The “ much thickened, 
profoundly striated ” outer lip, as shown in the illustrations agrees 
completely with the corresponding portions of Cyprceoglobina. 

A close analogy with Cyprcedia 8. str. seems excluded in spite of a 
general resemblance in shape, and the choice rests between Eocyprcea 
and CyprcBoglohina. The earlier whorls of Eocyprcea are usually 
striated spirally, and the striations sometimes persist on the body- 
whorl (as in C. Cunliffei and C. sphcerica). The striated sculpture 
of Sulcocypraoa is therefore as consistent with Eocyprcea, as with 
Cyprceoglohina. The structure of the anterior columellar termina¬ 
tion should decide to which group the shell is referable. Unfor¬ 
tunately it has not been described and is not clearly shown in the 
illustration. Should the type belong to the same group as the 
shells here placed under Cyprceoglohina, the name Sulcocyprcea, 
dating from 1865, would afford a welcome escape from the difficulties 
of nomenclature regarding the choice between the designations Cyprceo- 
globina and Luponovula, 


Sub-genus : CYPRiEDIA. 


Group of C. elegans. 

1. Cyprcedia elegans Defr. Middle and upper eocene of the 

Paris basin and of Egypt, upper eocene of 
Normandy, Brittany and Nice. 

2. „ fenestralis Conr. Upper eocene and oligocene of 

America. 

Upper eocene of the Paris 


3. 

4. 

5. 

6 . 

7. 

8 . 


Oirauxi Cossm. 
basin. 

clathrcUa Tate. Upper eocene of Australia. 
Lhommei Cossm. Lower eocene of the Paris basin. 
Cossmanni Vred. Middle eocene of Baluchistan. 
striatissima Vred. Lutecian of Baluchist4ii. 
alveolvnarum Vred. Lybian of Sind. 
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9. Cyprcedia barcinensis Gray (includes C. funiculifera Cossm.), 
Middle eocene of Catalonia. 

10. ,, muUicarinata Dali. Oligocene of Florida. 

Group of C. sulcosa. 

11. „ Cailliandi Vass. Upper eocene of Brittany. 

12. ,, vendrestensis Cossm. Upper eocene of the Paris 

basin. 

13. „ interposiUi Desh. Lower eocene of the Paris basin. 

14. ,, sulcosa Lam. Middle and upper eocene of the 

Paris basin. 

15. ,, elegant iformis Oppenh. Middle eocene of the Ver¬ 

onese. 

1(5. ,, hirmanicn Vred. (Q. J. G. S., Vol. LXIV, Pi. 

LVII, figs. 7, 8 ; perhaps the adult condition of 
the following). Upper eocene of Burma. 

17. „ conigera Mart. Upper eocene of Java. 

18. „ Gervillei Sow, (includes C, Georgii Defr. and C, 

Brasili C. and P.). Upper eocene of Nor¬ 
mandy. 

19. „ Sophies Bernay. Middle eocene of the Paris basin 

and of Sind. 

Sub-genus : CYPRiEOGLOBINA. 

20. C, (Cyprwoglohina) cordiformis Vred. Middle Maestrichtian 

of Baluchist4n. 

21. ,, Proserpina Bay. Middle and upper 

eocene of the Vicentine. 

22. „ oligomta Sacco. Oligocene of Liguria. 

23. 5 , Bowerbanki Sow. (incl. C. RaspaUi 

Ch6d.). Middle eocene of t\k% 
Anglo-Parisian region. 

24. „ Edwardsi Vred. (Edwards, Mon. 

Eoc. Ceph. and Univ. Engl, Vol. I, 
PL XVII, fig. 1 «, 6, non c, d*). 
Lower eocene of the London basin. 

25. „ Feddeni Vred. (Pal Tnd., new ser.,. Vol. 

Ill, Mem. 1, PL IV, fig. 13). Lower 
eocene of Sind, 

26. „ btdlina Oppenh, Lybian of Egypt. 
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27. C. (PyproBoglobina) Oenyi Bell Upper eocene of Nice. 

28. „ parvulorbis de Greg, (systematic position 

doubtful). Middle eocene of the 
Vicentine. 

Sub-genus: SuLOOCYPRjEA. 

29. C, {StdcocyproBo) lintea Com. Oligocene of Mississipi. 

Genus: E0CYPjR.a!A. 

Small or medium, shape posteriorly globose, the general outline 
usually strongly inflated; the apex occupied by a small inverted 
umbilicated spire, almost completely involute, more or less concealed 
by the posterior termination of the outer lip which is bent in such a 
manner as to become almost perpendicular to the axis of the shell, 
in consequence of which the more or less notched posterior outlet of 
the aperture is laterally deflected to such an extent that it is some¬ 
times not visible in a apical view of the shell. The smooth or 
slightly crenulate columella diverges from the base of the penultimate 
whorl, and is terminated by an oblique ridge which may enclose a 
fosaula. 

At early stages of growth, the shell frequently carries fine, crowded 
spiral ridges, often decussated by raised axial lines. This orna¬ 
mentation may sometimes even persist in the adult. 

According to Cossmann’s original diagnosis (Essais de pal6ocon- 
chologie, livr. 5, p. 163), the terminal columellar ridge is merely the 
last denticulation of the columellar lip, an appearance strongly 
suggested by some of the Tertiary species. Nevertheless, in some 
of the cretaceous species in which the apertural denticulations are 
so small as to be scarcely visible, the terminal columellar ridge re¬ 
mains so distinct as to indicate that it is a true independent colu¬ 
mellar structure. This is one of the most important features in 
which these cretaceous species difler from the cretaceous forms of 
Qieortia in which there is no differentiated anterior columellar 
ridge, and in which the anterior apertural ridges of the columellar 
lip are widely oblique to the edge of the columella from which they 
remain independent, though often continued to the close nrigh- 
bourhood of the anterior extremity. 

Bocyprcea, which appears to be now extinct, is, together with 
Qieoriia, the oldest group of Cyptseidse as yet known. All the 
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cretaceous forms and several of the eocene ones closely recall many 
forms of Gisortia in the disposition of the ventral surface, the anterior 
portion of which constitutes two symmetrically situated sharp 
ridges which converge towards the anterior extremity, and from 
which the surface slopes steeply towards the aperture the anterior 
portion of which is therefore deeply sunken at the bottom of a more 
or less elongate funnel-shaped depression. Eocyprcea is, nevertheless, 
distinguished from Gisortia by the terminal ridge of its columella 
and by its small inverted spire, the spire of Gisortia being usually 
wide, and always exsert, at least near its apex, though in some 
species it is so strongly extraconic as to become broadly inverted 
with increasing growth, as is observed in the living Gisortia uinbilicata. 

The largest species of Eocyprwa are of moderate dimensions, 
the sliells of this group never reaching the gigantic dimensions fre¬ 
quently observed in Gisortia, 

Owing to the peculiar characteristics of the shells constituting 
Eocyprcpa their association with any of the other genera of C3q)r8eidaB 
would so disturb the homogeneousness of any group, that it has been 
considered best to classify them, provisionally at least, as a separate 
genus which, nevertheless, shows relations not only with Gisortia 
but also with Cyprajocula, and with Cyprcedia. Some of the early 
forms of Bernayia exhibit the peculiar anterior apertural depression 
that characterises the cretaceous forms of Eocyproea, yet, the extre¬ 
mely reduced inverted spire clearly separates Eocyprwa from Cyprceo- 
vula and Bertiayia in which the spire is exsert, and therefore, not¬ 
withstanding the general similarity of the apertural characters, it 
seems best to keep Eocyprcea and Cyprceovula separate so long as 
no passage forms are known, for the conspicuous distinction in the 
apical structure may be correlated by other shell characters that 
have not yet been clearly discerned, or else by anatomical peculi¬ 
arities that cannot, unfortimately, be a8cert€dned, since Eocyprcea 
appears to be extinct. 

The umbUicated apex induces a very close general resemblance 
to Cyprcedia^ which may be further accentuated by the presence 
of spiral ornaments, though the latter character is common also 
to certain forms of Cyprceovula, Nevertheless, the resemblance 
with Cyprcedia is perhaps more apparent than real, for there is reason 
to believe that the development of the apex difEers in the two groups. 
In Eocyprcea^ the spire is greatly reduced and is inverted, but is 
apparently always present, and, moreover appears to exhibit consist- 
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ently the same structure at all stages of growth. In Cyprcedda, 
the spire, at early stages of growth, is not only exsert, but may be, 
even, very steeply prominmt, while it disappears entirely at the 
more adult stages, the apex becoming completely involute with the 
entire obliteration of any structure that can properly be assimilated 
to a spire even of an inverted disposition. This dimorphous growth 
of the apex in Cyprcedia, no indication of which has been observed in 
Eocyprcea^ suggests the existence of a relatively wide gap between 
the systematic positions of these two groups. 

Note. —Seekers after priority may wish to replace the name Eocyptma by 
Cyprasacitea Schlotheim, under which denomination have been described some forms 
belonging to this group. It is clear, however, that, in accordance with a custom 
still prevailing in his time, Schlotheim has modified the generic name when 
applied to extinct species, and that “ CyproBocites ” is merely intended as an 
equivalent of “ Cyprcea ’’applicable to fossil forms. 

Four divisions may be recognised. 

1. Group of E, pilulosay small; aperture sunken throughout 
entire length. 

2. Group of E, Deshayesi; teeth strong. 

3. Group of E, omformis; medium to medium large: aperture 
sunken only anteriorly. 

4. Group of E, inflata, medium to medium laige, aperture not 
sunken. 


Genus: EoCYPRiEA. 

1st Division. 

Group of Eocypraea pilidosa. 

1. Eocyprma pihdosa Stol. Albian of Southern India. 

2. „ invohita Zek. Turonian of Gosau. 

3. „ Orbignyana Vred. (=CyprcBa Newboldi Forbes 

sec. Stoliczka). Lower senonian of Southern 
India. 

1. „ buUaria Schloth. (incl. C. Mortoni Gabb), Maes* 

trichtian or Danian of Faxoe; upper senonian or 
dsiuian of New Jersey and Alabama, 
o. „ NewboUi Forbes. Upper senonian of Southern 

India and Luristan. 

mortioesuis MatL Lower senonian of Provence. 
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2nd Division. 

7. Eocyprcea Deshayesi Binkhorst (position doubtful), Maes- 

trichtian of Limbourg. 

3rd Division. 

Group of Eocyprcpa oviformis. 

8. Eocyprcsa Cunliffei Forbes. Upper senonian of southern 

India. 

9. „ oviformis Sow. Lower eocene of the London 

region. 

4th Division. 

Group of Eocyprwa inflata. 

10. Eocypnm inflala Lam. Middle and upper eocene of the 

Paris basin. Middle eocene of England and the 
Vicentine. 

11. ,, leihnensis Vred. (Pal. Iiid., new ser., Vol. Ill, 

Mem. L PI. IV, fig. 12). Lower eocene of 
Sind. 

12. „ Dollfusi de Laubr. Middle eocene of the Paris 

basin. 

13. „ Laubrieri (^ossin. Upper eocene of the Paris basin. 

14. „ glohularis Edw. Middle eocene of Bracklesham. 

15. .. sphcenca Phil. Lower oligocene of North 

Germany and Belgium. 

16. „ ocuJim, Grat. Miocene of Aquitaine and Piedmont. 

17. ,, oliijovulwa Sacco. Oligocene of Liguria. 

18. „ Levesquei Desh. {C. Dalli Oossm. non Aldr. 

perhaps the immature stage). Lower eocene of 
the Paris basin. 

19 „ Mnrrayana Tate (systematic position doubtful). 

Upper eocene of Australia. 

20. „ Sellei de Rainc. Middle eocene of the Paris basin. 

21. „ pumila von Koen. Oligocene of Lattorf. 

22. „ orthocheila Edw. Middle eocene of England. 

23. „ hiantula Cossm. Middle eocene of the Paris basin. 

24. „ oligolcevis Sacco. Oligocene of Liguria. 
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Genus: TrANSOVULA. 

Small to small medium shells, sub-symmetrical, with rostrated 
extremities and very narrow aperture, densely denticulated along 
both lips. The spire is exsert, but is entirely concealed by the body- 
whorl. The anterior termination of the columella appears to be 
steep, without a definite fossula. 

The rostrated extremities denticulated throughout their entire length 
and notched only at their termination distinguish this genus from 
Cyprcea, the small size and sub-symmetrical shape distinguish it 
from Oisortia, From Pustularia with which it shows considerable 
outward resemblance, Transovula appears to be readily distinguished 
by the steep anterior edge of the columella, and the absence or 
feeble development of a fossula, in which, characters it appears to be 
closely related to Gisortia, 

If, however, Transovula should be found to possess the very 
characteristic almost transverse anterior columellar fold and deep 
fossula of Pustulariay it must be classified as a sub-division of the 
latter genus. Amongst the species which I consider to be referable 
to Transovula^ the only one of which there exist clear photographic 
illustrations is Transovula delphinoides Cossm, So far as can be 
ascertained, the anterior edge of the columella is steeply oblique and 
does not exhibit the characteristic features of Pustularia, All the 
Indian specimens referred to Transovula have, unfortunately, the 
anterior extremity broken. 

1. Transovula globulina Stol. Maestrichtian of Pondicherri. 

2. „ anomala Stol. Upper Senonian of Southern 

India. 

3. „ spirata Schloth. Maestrichtian or Danian of 

Faxoe. 

4. „ delphinoides Cossm. Middle eocene of Paris. 

5. „ Moloni Bay. Middle eocene of the Vicentinc. 

6. „ persona Oppenh. Upper eocene of Priabona. 

Genus: GiSORTIA. 

CyprseidsB of varying size, usually medium to large or even 
gigantic, of oval to oval-conical shape, with a relatively broad low 
spire which may be more or less concealed in the adult, with both 
apertural extremities produced into canals the terminations of which 
appear more or less notched in dorsal aspect, with the edge of 
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the columella passing very steeply, almost vertically into the left 
border of the anterior canal. 

Occasionally the columella may carry an oblique spiral fold 
situated at some distance from the anterior extremity. It is not 
certain that this can be regarded as homologous with the anterior 
columellar ridge of Cyfropa. The anterior canal is usually marginally 
and dorsally accompanied by callous growths, while callous pro¬ 
tuberances may or may not be developed in other parts of the mar¬ 
ginal region or upon the dorsal surface. 

The chief characters that distinguish these shells from Cyprcea 
are the generally much broader spire, and the undifferentiated 
structure of the termination of the columella, the nearest analogy 
to which is to be found in some forms of Erato, The anterior colu¬ 
mellar fold occasionally observed is not situated as in Cyprcea, 

The channelled extremities, together with the disproportionately 
larger dimensions distinguish them from the forms here grouped 
under the Triviinae which frequently have a relatively wide spire. 

The posterior channel recalls that observed in some forms of 
Pustulana and Monetatia in which, nevertheless, the anterior termina¬ 
tion and the columella are very different and quite Cyprcca-like. 

Three sub-divisions of this genus may be recognised. Gisortia 
s. sir, in which there is usually no dorsal ridge, or only one, posteriorly 
situated, and in which the posterior extensions of the apertural lips 
are unsymmctrically disposed, PaUiocyprcea, in which the margin is 
ex])anded into a thin flange, Vicetia in which the posterior termina¬ 
tions of tlie apertural lips are approximately symmetrical and in 
which there are two dorsal ridges. 

Gisortiu is entirely fossil with the exception of one species, the 
Australian Vypraa umbtlicafa Sow., which ranks by the side of the 
Australian Trigonias as a remarkable relic of the mesozoic fauna. 

The earliest representatives are from the age of the Gault and 
are already of large size; the group having apparently already 
assumed its distinguishing characters at this relatively early period 
from which date also the earliest known representatives of Eocyprcea. 
Some of the late cretaceous forms of Gisortia already attain giant 
dimensions. It is abundantly represented in the eocene, the upper 
eocene yielding the most gigantic forms. Vicetia appears to be 
restricted to the middle and upper eocene, while PalliocyprcBa is 
only known from the Australian beds of probably upper eocene 
age. 
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A comparison of the anatomy of Gisortia with that of Cyprcea 
would be highly interesting, but nothing appears to have been 
published on the subject, and even the radula does not seem to have 
been figured. 

Many of the fossil forms are known only in the condition of 
internal casts. 


Sub-genus : GiSORTIA. 

Medium to large or gigantic. Apertural crenulations or ridges 
often well developed. Posterior rostration oblique posteriorly 
towards the left. 


Section : Gisortia. 

No marginal flange (distinction from Polliocyprwa), 

In addition to the species enumerated below, it is just possible 
that Cyprcra Geinitzi Boettg. (Tertiarf. v. Sumatra, Th. 1, in Pal., 
Suppl. Ill, p. 76, PI. VI, fig. 10), and C. extemmta Boettg. (loc., cif,, 
p. 93, PI. XI, fig. 1), both from the eocene of Sumatra, might also 
belong to this group; but they are founded on material too imperfect 
for analysis. 

There is also much uncertainty regarding the systematic position 
of Glohiconcha Marroiiana d’ Orbigny (1842, Pal. Fran 9 . terr. cr6t., 
Vol. II, p. 145, PI. CLXX, figs. 1, 2) from the Maestrichtian of Aqui¬ 
taine, an incomplete internal cast distinguished by its very wide 
inverted spire. 


Section : PALLiocYPR.ffi:A. 

Margins extended by a thin callous growth into a wide flange. 


Sub-genus: ViCETIA. 

Large to gigantic. Two transverse dorsal ridges. Ventral as¬ 
pect sub-symmetrical, posterior terminations of the apertural lips 
symmetrically developed. Denticulations feebly developed. Some¬ 
times an anterior columellar fold. 

The internal casts have a more or less sub-cylindrical shape 
readily distinguishing them from the more evenly globular or ovoid 
or conical internal casts of Gisortia s, str. 

This section includes the largest of all the Cypraidsa, 
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Group of Oisortia Cossmanni, 

Rather small to very large; ovoid more or less elongate, posterior 
roBtration moderately elongate, aperture anteriorly sunken. Cre¬ 
taceous. 

1. Gisortia Cossmanni. Vred. {^Ovula expansa d" A. and H« 

sec. Noetling, Pal. Ind., Ser. XVI, Vol. I, part 
3, p. 63 ;= Gisortia expansa d’ A. and H. sec., 
Vredenburg, Rec. Geol. Surv. Ind., Vol. XXXVI, 
pp. 176, 178). Upper Maestrichtian and Danian of 
Baluchist&n. 

2. „ haluchistanensis Noetl. Middle Maestrichtian of 

Baluchistan. 

3. „ Archiaci Vred. Danian of Sind. 

4. „ Kayei Forbes. Maestrichtian of Southern India. 

5. „ ovula d' Orb. Maestrichtian of Southern India. 

* 6, „ coromandelica Vred. (Stoloczka, Cret. Fauna South 

Ind., Vol. II, PI. IV, fig. 10). Lower senonian of 
Southern India. 

7. „ escragnollensis Vred. Albian of Escragnolles. 

8. n ventricosa Reuss. Lower senonian of Bohemia, 

Group of Gisortia jhirakensis. 

Moderately large, pear-shaped, posterior rostration short. 

With the exception of Gisorha jhirakensis, this group is entirely 
sub-Antarctic. Eocene. 

9. Gisortia jhirakensis Vred. (= Cypreva Grantt d' A. sec. C. 

and P., Pal. Ind., new ser., Vol. Ill, part I, p. 42). 
Lower eocene (upper Cuisian) of Sind. 

10. „ leptorhyncha McCoy. Upper eocene of Australia. 

11. „ platyrhyncha McCoy. Upper eocene of Australia and 

Tasmania. 

12. „ amygdalina Tate. Upper eocene of Australia. 

13. „ Gisortia platypyga McCoy. Upper eocene of 

Australia and Tasmania. 

14. oonsobrina McCoy (distinctness from foregoing 

doubtful). Upper eocene of Australia^ 
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Group of Qieortia usnbiUcata. 

Medium-size to very large, pear-shaped, posterior rostration very 
elongate. Cretaceous to recent. 

15. Qieortia ficuUna Stol. Lower senonian of Southern India. 

16. „ veraghoorensie Stol. Upper senonian of Southern 

India. 

17. umbilieata Sow. Living along the coasts of New 

South Wales. Victoria and Tasmania. 

18. „ eximia Sow. (incl. Cyproea sphcerodoma Tate). 

Upper eocene of Australia and Van Diemen. 

19. „ loxorhyncha Tate, (distinctness from foregoing, 

doubtful). Upper eocene of Australia. 

20. „ rostrata Zekeli (incl. Cimla striata Zek.). Turonian 

of Gosau. 

Group of Gisortia Benedicti. 

Gigantic, shape very broad. Maestrichtian to upper eocene. 

21. Qieortia Benedicti Yred. Lower Maestrichtian of Bald- 

chist&n. 

22. „ tuberculosa Duclos. Lower eocene of Paris and Sind. 

23. „ gigas McCoy. Upper eocene of Australia. 

24. „ dwsata Tate. Upper eocene of Australia. 

25. „ gisortiensis Valenciennes (incl. Ovula gigamtea 

Miinst., Cyprcea Coombii Sow., Gisortia Chevallieri 
. Cossm. 6,, postalensis Oppenh.). Middle eocene 

of Europe and India. 

Section: FALUooYPiLasA. 

26. G. (PaUiocyprcsa) gastroplax McCoy. Lower Tertiary of 

Victoria. 

27. „ Mvlderi Tate. Upper eocene of Australia. 

Sub-genus: Vicetia. 

28. Q. {Vicetia) Murchisoni d’ Arch. Lybian of Sind. 

29. „ deprasa Sow. Lutecian of Kachh, Sind, Bald- 

chist&n, Persia. 

30. „ Jameei Vred. (perhaps identical with Q. depres- 

9a). Middle eocene of Sind. 
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3L G. 


32. 


33. 


34. 

35. 


36. 


(Vicelia) metingensis Vred. Lower Lybian of Sind and 
Saraw&n. 

„ silistrensis Vred. Middle eocene of Cherra- 
poonjee. 

„ Hantkeni H. et M.-Ch. Lutecian of the Vicen- 

tine, 

„ Douvillei Cossm. Lutecian of the Paris basin. 

„ Bellardn Desh. (incl. Cyprcea roncana de Greg.). 

Upper eocene of the Alpes-Maritimes and 
Vicentine. 

„ Hoernesi H. et M. Ch. Upper eocene of Pria- 

bona. 


Sub-Family: TRIVIIN^. 

Small shells in which the posterior termination of the outer lip, 
when not entirely disguised by the final callous accretions of the 
adult stage, is placed at right angles to the apex and is situated 
ventrally with respect to the spire, without any structure strictly 
comparable to the posterior notch of the CypraeinsB. The columella 
forms a projecting blade, but there is never any structure strictly 
homologous with the more or less transversely disposed terminal 
ridge of many Cyprseinse. 


Genus : Trivia. 

Small shells characterised by the almost complete absence of 
an anterior notch. The posterior notch is also very feeble or 
practically absent, but the posterior termination of the outer lip 
does not rise over the apex as in the genus Cyptcedia, The pro¬ 
jection of the small spire is nearly or completely concealed by the 
callous growth by which it is always covered in adult specimens. 
The later stages of growth never develop an involute apex as in 
the genus Cypreedia. 

The apertural ridges usually spread over the dorsal surface, 
those nearer the middle of the shell extending as parallel ridges, 
while the terminal ones converge respectively towards two points 
dorsally situated in a line with the apertural terminations. The 
transverse dorsal ridges are often symmetrically divided by a groove 
uniting the two points of convergence above mentioned. 


F 
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The columella forms a prominent blade springing at a pronounced 
angle from the base of the penultimate whorl; this blade and the 
edge of the columellar lip together enclosing a fairly wide and fairly 
deep longitudinal furrow. In a ventral aspect, the columellar 
blade has an arched appearance, and terminates anteriorly against 
the anterior inner wall of the shell. There is never any structure 
resembling the characteristic terminal oblique ridge which unites 
with the termination of the columellar lip in many Cyprseines. 
Whenever the shell is externally ribbed the columellar depression 
is also ribbed and the columella crenulated, except in the two 
aberrant eocene species T. pedicularis Desh and T. Bouryi Cossm. 

The colours of Trivia are mainly white and pink, separately or 
combined, or pinkish brown. 

Remarks .—The dorsal ridges of Trivia being mere prolongations 
of the apertural denticulations are homologous with the dorsal 
denticulations or ridges of Erosaria, and do not in any way corre¬ 
spond with the spiral ornaments of Cyprceovula or Cyprcedia, The 
immature shell, in all cases that have come under observation, is 
entirely destitute of the spiral lines almost invariably developed 
at early stages of all the groups here classified under Cyprceovula 
or Cyprcedia. Nevertheless the lines of growth, in full-grown 
specimens, are apt to form a delicate trellis in the intervals between 
the transverse ridges, especially on the right side of the shell. 

The general appearance of the shell, in Trivia, is apt to be 
disguised to such an extent by the superficial ridges, or by the 
terminal thickenings of the aperture as to give rise to a deceptive 
general resemblance to many of the forms here classified as Cyprceince. 
In the few instances in which the extraneous additions are missing, 
as in T, ovulata, it will be noticed that the apertural characters 
differ totally not only from those of Cyprcea, as here understood, 
but also from those of Cyprcedia : the posterior extremity of the 
thickened outer lip being bent until it becomes practically perpen¬ 
dicular to the axis of shell, but terminating anteriorly to the spire 
or on a level with it instead of posteriorly to the apex as in Cyprcedia 
and situated in front of the axis, not bent backwards as in Cyprcedia 
till it reaches the axis; the posterior notch being indistinct. This 
disposition is quite comparable to that observed in Erato, 

The extent to which Trivia differs from the C 3 rpr»in 8 B in the 
characters of the apertural terminations and especially in the struc¬ 
ture of the columella, fully entitles it to a separate generic rank 
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such as is at first sight so distinctly indicated by its uniformly 
small dimensions, as well as by its geological history. 

Trivia is already represented in the lower eocene by T. Wetherdli 
Edw., a form closely related to the genotype, T. europcea. The 
middle eocene of San Giovanni Ilarione contains several forms the 
descriptions of which are, unfortunately not available in India. 

Out of five species described from the upper eocene, T. intus- 
crenata C. and P., from Normandy, has a modem facies, and T. 
avellanoides McCoy, from Australasia, the largest representative of 
the genus, appears to be still living. It is a typical Trivia^ though 
not closely related to any other known form. Another Australasian 
fossil, T. ervgata Tate, distinguished by its elongate shape and 
the great breadth of the anterior termination of the aperture, is 
the type of the extinct section Semitrivia Cossmann, and lastly 
the two Paris species T. pedicularis Desh. and T. Bouryi Cossm. 
differ from all other ribbed forms by the absence of internal pro¬ 
longations of the ribs along the columellar lip. 

* In the oligocene, the genus is represented entirely by forms 
of modern facies including most of the groups at present living and 
even an ancestral variety of T. europaa^ the type of the genus. 

No cretaceous predecessors of Trivia have as yet been discovered, 
but the existence of forms of modern facies at early stages of the 
eocene shows that Trivia must have already diverged from 
Cyprcea in pre-tertiary times. The permanence of its characters 
throughout the Tertiary is in marked contrast with the rapid 
transformations that have affected the Cyprseinse during that same 
era. 

In spite of the unwieldy proportions of this genus which, exclu¬ 
sive of the section Semitrivia includes more than sixty species, its 
homogeneity precludes the possibility of dividing it into subgenera 
or sections. Amongst the groups partly or entirely represented 
by living forms, those of T. radians and T, costafa are the only 
ones with differential characters so definite as might perhaps entitle 
them to sectional distinction. But as the one contains only three 
species, and the other only three or four, the advantage of separa¬ 
ting them would be negligible and would be more than counter¬ 
balanced by the disadvantage of adding two more sectional names 
to the nomenclature. 

It is by no means impossible that the European eocene fossil 
species, with the exception of T, Wetherelli Edw. and T. intuscrenata 
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C. and P., should constitute a separate section or sub-genus; for 
in two of them, T. pedioularis Desh. and T. Bouryi Cossm., it hat 
been recorded, as above noticed, that the apertural denticulations 
of the columellar lip are not continued into the interior of the aper¬ 
ture, a peculiarity not existing in any other externally ribbed species 
that has come under observation. Nevertheless, in the absence 
of actual specimens for comparison it is necessary to abstain from 
classifying these forms separately. 

Section: Trivia s. str. 

Globular or ovoid, aperture not expanded or feebly expanded 
anteriorly (distinctions from Semitrivia). 

Group of Trivia europasa. 

Globose to ovoid. Pidges simple, not granulated. Aperture un- 
symmetrically situated. Margined only on the right. Dorsal groove 
present or absent. 

According as to whether the dorsal sulcus is distinct, or else 
feeble or absent, these shells may be classified into two sub-groups 
which, however, are quite artificial. 

A.—Sub-Group of Trivia europma. 

Globular, aperture very unsymmetrically situated. Dorsal groove 
feeble or absent. 

This sub-group includes all the species referred to Trivia as 
restricted by Jousseaume. 

1. Trivia evropcea Mont. Oligocene of Liguria; miocene of 

Touraine, Aquitaine, Provence, Piedmont, Vienna, 
the Morea ; pliocene of England, Italy, Sicily. Living 
throughout the seas of Europe and North Africa. 

2. „ mediterranea Pisso (incl. T, multilirata Sow.). Medi¬ 

terranean and Adriatic. 

3. „ sphcBriculata Lam. (incl. C. avellava Sow. and C, sub- 

pedicuhis d’Orb.). Fpper miocene and pliocene of 
Europe. 

4. „ WethereUi Edw. Lower eocene of the London Basin. 

6 . „ formosa Gask. The Cape. 

6 . „ jimidiata Br. Pliocene of Emilia and Liguria, 
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7. Trivia dorsolcevigata Cocc. (distinctness from preceding species 

doubtful). Pliocene of Emilia and Liguria. 

8 . „ Napolini Duel. Spain and West Africa. 

9. „ australis Lam. Indo-Pacific region. 

10. „ sanguinea Gray. California to Ecuador. 

11 . „ galapagensis Melv. Albemarle I., Galapagos archipe¬ 

lago. 

12 . „ fusca Gray. Mexico to Ecuador; Galapagos. 

13. „ rubescens Gray. California to Colombia; Galapagos. 

14. ,, retusa Sow. (incl. T. Anglice Wood). 

15. „ candidula Gask. Algeria, Morocco, Spain, Portugal, 

West Africa, Atlantic islands. 

16. „ piilex Sol. Mediterranean, Portugal, West Africa, Atlantic 

islands. 

17. „ intitscrenata C. and P. Upper eocene of Normandy. 

18. „ pedicularis Desh. (systematic position doubtful). 

Upper eocene of Paris basin. 

19. ,, Farachii de Greg, (description not available). Middle 

eocene of the Vicentine. 

20. ,, californiana Gray. Vancouver to Mexico. Fossil 

in the pleistocene of California. (? T. panamensis 
Dali, perhaps a small race of this species.) 

21. „ depauperata Sow. California. 

Sub-group of Trivia quadripunctafa. 

Globose to oval. Generally like the sub-group of T, europcea, 
but with a distinct dorsal groove. 

22. Trivia pilula Kien. Indo-Pacific region. 

23. ,, ylobosa Gray. (incl. C, sphoerula Migh. C, acutisulcata 

Ken.). Pliocene of Florida. Living in the West 
Indies. 

24. „ brevissima Sow. Ceylon. 

25. „ subrostrata Gray. West Indies. (? T. atormria Dali, 

from Panama, perhaps identical.) 

26. „ pulla Gask. California to Ecuador, Galapagos. 

27. „ pisum Gask. Ceylon. 

28. „ Grayi Mich. Oligocene of Liguria. 

29. „ quadripunctata Gray. West Indies. 

30. „ affinis Duj. Miocene of Touraine, Aquitaine, Piedmont, 

Vienna. Lower pliocene of England, 



1S4 Records of the Geological Survey of India, [Vol. LI. 

31. Trivia Maugerim Gray. Galapagos. 

32. I, avellanoides McCoy. Living in Australasia. Fossil in 

the Upper eocene of Victoria, South Australia, Tas¬ 
mania. 

33. „ sulcata Gask. South Africa. Torres Straits. Philip¬ 

pines. 

34. „ vitrea Gask. Indo-Pacific region. 

36. „ dcatrosa Sow. Habitat unknown. 

36. „ pauciliiata Sow. Melanesia. 

37. „ Bouryi Cossm. Upper eocene of the Paris basin. 

38. ., 'palMfTibella de Greg (description not available). Middle 

eocene of the Vicentine. 

Group of Trivia pediculus. 

Like the sub-group of T, quadripunctata but with a tendency for 
the formation of granules along the ridges. 

Dorsal surface margined only on the right. 

39. Trivia pediculus Linn. Pliocene of Florida and Costa Rica 

Living in tropical Atlantic. 

40. „ costispunctata Gask. California. 

41. „ nivea Gray. West Indies. 

42. „ padfica Gray. California to Colombia; Galapagos. 

43. 9 , Hidalgi Vred. (= T, afjUnis Marrat 1867 non Dujardin 

1835). West Indies. 

44. „ suffusa Gray. Pliocene of Florida and California; 

living in the West Indies. 

46. ., hirmanica Vred. Oligocene of Burma. 

Group of Trivia oryza. 

Extremities rostrate. Aperture almost symmetrically situated. 
Dorsal surface not distinctly margined on either side, or else feebly 
margined to the right. 

This group corresponds essentially with Jousseaume’s genus Tri- 
virostra, 

46. Trivia oryza Lam. Indo-Pacific region. 

47. „ scahriuscula Gray (perhaps a variety of the preceding). 

Indo-Pacific region. 

48. „ SmUhi Mart. Fossil in Java, probably Miocene. 

49. ,9 intermedia Eien. Habitat unknown^ 
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50. Trivia grando Grask. Indo-Pacific region. 

51. ,, pellucidula Gask. Indo-Pacific region. 

52. ,, insecta High. Indo-Pacific region. 

63. „ exigua Gray. Indo-Pacific region. 


Group of Trivia radians. 

Often relatively large; dorsal surface surrounded by a rim along 
both margins. There is a median dorsal groove bordered on either 
side by prominent granules which terminate the ribs. Aperture sub- 
symmetrically situated. 

54. Trivia radians Lam. Lower California to Chile. 

55. „ Noetlingi Vrcd. (Pal. Ind., new ser., Vol. I, part 

3, pi. XIX, fig. 13). Oligocene of Burma. 

5(i. ,, Solandri Gray. Vancouver to Peru. 

Group of Trivia producta. 

Margined on both sides. The apertural lips are produced at 
both extremities in such a manner as to communicate a dorsally 
notched appearance to the terminations, as well as a rostrated 
appearance to the general outline. 

57. Trivia producta Gask. Pacific region. 

58. ,, rubmicolor Gask. Ceylon, Borneo. 


Group of Trivia costata. 

This group is characterised by the relatively wide aperture 
and narrow outer lip. The dorsal groove may be absent or present, 
or there may be a complete absence of the external ridges. Mar¬ 
gined only on the right. 

The group essentially corresponds with Jousseaume’s genus Tri- 
viella. 

69. Trivia vesicularis Gask. The Cape. 


60. 

„ costata Gmel. 

West Indies. 

61. 

„ oniscus Lam. 

The Cape. 

62. 

„ ovulata Lam. 

The Cape. 

63. 

„ pomphulogota 

Tate (unfigurcd. systematic position 


doubtful). 

Upper eocene, Adtlaide. 
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Incerta sedis, 

64. Trivia corbuloides de Greg, (description not available). 
Middle eocene of the Vicentine. 


Section: Semitrivia Cossmann 1903. 

The single species at present included in this section is very 
small and is distinguished from all other forms of Trivia by its 
cylindrical shape and its anteriorly expanded aperture. The ridges 
do not extend dorsally beyond the margin of the dorsal surface. 

66. T. (Semitrivia) erugata Tate. Upper eocene of Victoria. 


Genus: ErATO. 

Small, pear-shaped, unsymmetrical, spire more or less obscured 
by callus, but always forming a visible projection which is never 
covered by the posterior apertural .termination. The shell is usually 
margined to the right, never to the left. 

When the shell is viewed apically, the posterior termination 
of the outer lip may seem quite straight and radially disposed 
with respect to the axis, or may appear so disposed as to produce 
a smau embayment, which may be ventrally constricted, but there 
is no appearance of a well defined posterior apertural notch in 
a dorsal view. 

The anterior termination is sub-rostrate, truncated, or very 
feebly notched. The columella forms a ridge or rather edge, 
practically continuous with the base of the penultimate whorl, 
separated from the edge of the columellar lip by a narrow flat or 
feebly sunken space. 

The extent to which the denticulations of the columellar lip 
penetrate into the shell is very variable; consequently, the colu¬ 
mella may be either smooth or crenulated. 

In some instances the anterior extremity of the columella is 
directly connected with a twisted ridge forming the anterior termi¬ 
nation of the columellar lip, yet, it never exhibits a distinct inde¬ 
pendent terminal edge as in the Cj^prseinee, although it does not 
end blindly in the interior of the shell as in Trivia. 

Like Trivia^ Erato has not been observed in pre-tertiary strata. 
The oldest eocene forms belong to the extinct sub-genus Eratotfivia, 
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Sub-genus: Erato. 

Apertural denticulations restricted to the neighbourhood of the 
aperture (distinction from Eratotrivia). 

Section: Erato s. sir. 

The apertural crenulations are restricted to the aperture or 
its immediate neighbourhood. The columella is smooth. The outer 
surface of the shell is smooth. 

1. Erato Icevis Donov. (inch E. uniylicata Depont.). Miocene 

and pliocene throughout Europe. Living in the 
seas of Europe. 

2. „ Emnonsi Whitf. Miocene of New Jersey. 

3. „ callosa A. and R. China and Japan. 

4. „ 'prolcevis Sacco. Oligocene of Cassel. 

5. „ incrassata Dod. Miocene of Italy. 

- 6. ,, australis Tate. West Indies. 

7. „ MaugericB Gray. West Indies. 

8. „ angystoma Sow. Indian Ocean, Philippines. 

9. ,, spiralis Dod. Tortonian of Piedmont. 

10. ,, lachrynm Gray. Pacific Ocean. 

11. ,, minor Tate, b pper eocene of Australasia. 

12. „ pirulata Tate, Upper eocene of Australia. 

13. „ ftkorningtothensis Tate. Upper eocene of Australia. 

14. „ sandwicensis Pease. Sandwich Islands. 

1*5. „ pellucida Reeve. Bombay. 

16. „ angulifera Sow. Borneo. 

17. „ gallinacea Hinds. Pacific region. 

18. „ vitellina HinA. Acapulco to South California. 

19. „ ovuUitella Tate. Upper eocene of Australia. 

20. „ columbella Menke. Mazatlan to Santa Barbara. 

21. „ duplicata Johnst. (systematic position doubtful). 

Upper eocene of Tasmania. 

Section: Eratopsis Hoernes and Auinger. 

Apertural characters generally as in Erato s. str. Columella 
smooth except in some specimens of Erato scabriuscula. The 
dorsal surface may carry small longitudinal granulations, or a 
medium groove or both. 
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As has already been noticed by Boettger (Neues Jahrb. f. M. 
G. u. P., J. 1884, II, p. 136), the transition between Eraio and 
the forms grouped under Eratopsis is so gradual as to make the 
latter division almost superfluous. One species, E, illota Tate, 
has been described with the groove and without the granules, 
while there are several species with more or less distinct granules 
which never have a groove. In certain cases the granules or groove 
may be either present or absent amongst specimens of the same 
species. For instance E. guttula Sow. is classified as an ErcUo 
8, sir. by Tryon, although all the specimens available in Calcutta 
are granulated, and should therefore be grouped with Eratopsis, 
Cossmann has classified E, Maugerice as an Eratopsis though I have 
failed to detect any granulations on any of the available speci¬ 
mens.^ 

In several forms of Eratopsis the apertural denticulations are 
particularly feeble, and the external longitudinal granulations cannot 
in any way be regarded as extensions of the apertural ridges, and 
are not therefore homologous with the transverse external ridges 
of Trivia and Eratotrivia. 


Section: Eratopsis. 

22. E, (Eratopsis) scabriuscula Gray. Pacific. 


23. 

>> 

guttula Sow. Mauritius. 

24. 

99 

suldfera Gray (inch E, corrugata Hinds). Indo- 
Pacific region. 

26. 

99 

Barrandei H. and A. Miocene of Niederleis. 

26. 

99 

planulosa Bon. (incl. probably E, transiens 
and E, Kimakoumzi Boettg.). Miocene of 
Europe. 

27. 

99 

mna Duel. Indo-Pacific region. 

28. 

99 

illota Tate. Miocene of Victoria. 

29. 

99 

SchmeUziana Crosse. Viti Islands. 

30. 

99 

ventricosa Gray. 

31. 

99 

hmaculata Tate. 

32. 

99 

prayensis Bochebrune. 


^ Erato oligoitata Ball (Nautilus, XVI, p. 44, Bull. Mus. Comp. Zool. Harvard, 
Vol. XLIII, PL XI, fiff. 8) from Panama, probably belongs to this section, but has 
been omitted from the list of species because its precise characters cannot be very 
clearly realised from the available description and figure. 
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Sub-genus; Eratotrivia Sacco 1894. 

(Moll. terr. terz. Piem. e Lig. parte XV, p. 62.) 

General shape like Eraio, or Eratopsis. Spire more completely 
immersed in callus, through which it nevertheless forms a visible 
projection beyond the termination of the aperture. The aper- 
tural denticulations are much more powerfully developed than 
in Erato or Eratopsis and extend outward over the entire surface 
of the shell, terminating dorsally on either side of a medium sulcus. 
The columella is denticulate. 

While, on the one hand, there is so complete a passage between 
Eraio and Eratopsis as to make it doubtful whether the latter is 
to be ranked even as of sectional importance, on the other hand, 
no connecting links have hitherto been discovered between Erato 
and Eratotrivia. It is therefore convenient to treat Eratotrivia as 
a separate group, especially in view of its different geological history. 

All the species of Eratotrivia are extinct, the group being res¬ 
tricted to the eocene and oligocene. 

Sub-genus: Eratotrivia. 

33. E. (Eratotrivia) crenata Desh. Middle and upper eocene of 
Paris basin. 


34. 


Wafeleti Desh. Lower and middle eocene 
of the Paris basin. 

35. 

JJ 

'platystcmm Edw. (inch E. Bemayi Cossm.). 
Upper eocene of the Anglo-Parisian 
region. 

36. 

55 

rediviva Oppenh. Upper eocene of the Priabona 
region. 

37. 

55 

costulata Gieb. Lower oligocene of North 
Germany. 

38. 

)5 

Prestwichi Edw. Eocene of England. 

39. 

55 

Eitcd Vin. Middle eocene of the Vicentine. 


Genus: PeDICULARIA. 

At the earlier stages of growth, the shell' resembles that of 
ErtOo, the disposition of the columella being very closely similar, 
and the outer lip crenulated. When the shell is fully devdoped, 
the apertural margins coalesce in a broadly expanded funnel. The 
surface is spirally ridged 
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The dimensions are small, and the colours, principally white 
and pink, recall those of Trivia and Erato. 

1. Pedictdaria sicula Swains. Mediterranean. 


2 . 

3. 

4. 

5. 

6 . 


Deshayesi Seg. Pliocene of Sicily. 
degantissima Desh. Mascarenes. 
pacifica Pease. Pacific region. 
japonica Dali. Japan. 
califomica Newc. Southern California. 


INDEX OF SPECIES. 

For facility of reference, the species mentioned in the previous 
lists are alphabetically indexed below, with the names of the genera 
to which they have been referred. Names printed in italics are 
those of synonyms. 

octaisulcata Kenyon, Trivia 23. 
acyensis de Raincourt, C 3 rpr 8 ea 46. 

Adamsoni Gray, C 3 rpr 8 ea 174. 

Adelinse Roberts, Cj^rsea 120. 
affinis Dujardin, Trivia 30. 
affinis Marrat, Trivia 43. 
alabamensis de Gregorio, Cyprsea 76. 
albuginosa Mawe, Cyprsea 192. 
algoensis Gray, Cyprsea 168. 
alveolinarum Vred., Cj^rsedia 8. 
amphithales Melv., Cyprsea 173. 
ampuUacea Tate, Cyprsea 164. 
amygdalina Tate, Gisortia 12. 
amygdalum Brocchi, Cyprsea 57. 

AnglioB Wood, Trivia 14. 
angulifera Sow., Erato 16. 
angusta Fuchs, Cyprsea 48. 
smgustata Gmel., Cyprsea 155. 
angystoma Desh., Cyprsea 75. 
angystoma Sow., Erato 8. 
annulata Gray, Pustularia 4. 
aimulus Linn., Cyprsea 180. 
anomala Stoliczka, Transovula 2. 

Antillanim Tred., Cyprsea 188, 
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apeiininensis Sacco, Cyprspa 25. 
arabica Linn., Cyprsea 28. 
arabicula Linn., Cyprsea 27. 
arakanensis Vred., Cyprsea 78. 
Archeri T. Woods, Cypreea 160. 
Archiaci Vred., Gisortia 3. 
arenosa Gray, Cypresa 5. 
argus Linn., Cypraea 24. 
asellus Linn., Cypraea 101. 
atomaria Dali, Trivia 25. 
aurantium Martyn, Cypraea 3. 
australis Lam., Trivia 9. 
australis Tate, Erato 6. 
avellana Sow., Trivia 3. 
avellanoides McCoy, Trivia 32. 
baluchistanensis Noetling, Gisortia 2 
barcinensis Gray, Cypraedia 9. 
Barclayi Reeve, Cypraea 9. 
Barrandei H. and A., Erato 25. 
bartonensis Gray, Cypraea 46. 

Bayani Oppenh., Cypraea 50. 
beberkiriana Martin, Cypraea 79. 
Beckii Gask., Cypraea 193. 

Bellardii Desk., Gisortia 35. 
Benedieti Vred., Gisortia 21. 

Bemayi Cossm,, Erato 35. 

Beyrichi Semper, Cypraea 73 
bicallosa Gray, Cypraea 189. 
bimaculata Tate, Erato 31. 
birmanica Vred., Cypra'dia 16 
birmanica Vred., Trivia 45. 
Blandiana Vred., Cyprj\a 84 
Bouryi Cossm., Trivia 37. 
Bowerbanki Sow., Cypraedia 23. 
brackvpyga Tate, Cypraea 166. 
Brasili C. and P., Cypraedia 18. 
brevissima Sow., Trivia 24. 
Broderipii Gray, Cypraea 16. 
bullaria Schlotheim, Eocypraea 4. 
buUina Oppenk., Cypraedia 26. 



142 


Records of the Geological S'arvey of India. [Vol. LI. 

Cailliaudi Vasseur, C 3 T)r 8 edia 11. 
oalifomiana Gray, Trivia 20. 
californica Newc., Pedicularia 6. 
callosa A. and R., Erato 3. 
candidula Gask., Trivia 15. 
capensis Gray, Cyprsea 172. 
caput-draconis Melv., Cypresa 91. 
caput-serpentis Linn., Oypraea 182. 
caput-viperce Martin, Cyprsea 82. 
carneola Linn., Cyprsea 4. 
carolinensis Conr., Cyprsea 80. 
caurica Linn., Cyprsea 148. 

CecilifiB de Greg., Cyprsea, 181. 
cemica Sow., Cyprsea 183. 
cervus Linn., Cyprsea 35. 

Chevallieri Cossm., Cyprsea 54. 

Chevallieri Cossm,, Gisortia 25. 

Childreni Gray, Pustularia 3. 
chilona Dali, Cyprsea 70. 
cicatrosa Sow., Trivia 35. 
cicercula Linn., Pustularia 1. 
cincta Martin, Cyprsea 133. 
cinerea Gmel., Cyprsea 37. 
citrina Gray, Cyprsea 197. 
clandestina Linn., Cyprsea 111. 
clara Gask., Cyprsea 38. 
clatlirata Tate, Cyprsedia 4. 
coffea Sow., Cyprsea 125. 
columbaria Lam., Cyprsea 61. 
columbella Menke, Erato 20. 
conigera Martin, Cyprsedia 17. 
consobrina McCoy, Gisortia 14. 
contaminata Gray, Cyprsea 118. 
contusa McCoy, Cyprsea 154. 

Coombii Sow., Gisortia 25. 
corbuloides Bellardi, Cyprsea 176. 
corbuloides de Gregorio, Trivia 64, 
cordiformis Vred., Cyprsedia 20. 
coromandelica Vred., Gisortia 6. 
corrugata Hinds, Erato 24. 
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Cossmanni Vred., Gisortia 1. 

Cossmanni Vred., Cypraodia 6. 
costata Gmel., Trivia 60. 
costispunctata Gask., Trivia 40. 
costulata Gieb., Erato 37. 

Coxeni Cox, Cypraea 151. 
crenata Desh., Erato 33. 
cribraria Linn., Cypraea 150. 
cruenta Linn., Cypraea 149. 

Cumingi Gray, Cypraea 153. 

GunlifEei Forbes, Eocypraea 8. 
cylindrica Born, Cypraea 132. 

Dalli Aldrich, Cypraea 177. 

Dalli Cossmann, Eocypraea 18. 

Davidi Fontannes, Cypraea 52. 
decipiens Smith, Cypraea 88. 
delphinoides Cossm., Transovula 4. 
denticulina Sacco, Cypraea 65. 
depauperata Sow., Trivia 21. 
depressa Sow., Gisortia 29. 
dertoflavicula Sacco, Cypraea 56. 

Deshayesi Binkhorst, Eocypraea 7. 

Deshayesi Seguenza, Pedicularia 2. 
dimidiata Br., Trivia 6. 

Dollfusi de Laubrier, Eocypraea 12. 
dominicensis Gabb, Cypraea 41. 
dorsata Tate, Gisortia 24. 
dorsolaevigata Cocconi, Trivia 7. 

Douvillei Cossm., Gisortia 34. 

Duclosiana Basterot, Cypraea 221. 
duplicata Johnston, Erato 21. 
ebumea Barnes, Cypraea 201. 
edentula Sow., Cypraea 171. 

Edwardsi Vred., Cypraedia 24. 
elegans Defranee, Cypraedia 1. 
elegantiformis Oppenh., Cypraedia 15. 
elcgantissima Desh., Pedicularia 3. 
elongata Brocchi, Cypraea 55. 

Emmonsi Whitfield, Erato 2. 
eratoformis H. and A., C 3 ^raBa 175. 
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erosa Linn., Cyprsea 204. 
errones Linn., Cypreea 134. 
erugata Tate, Trivia 65. 
erythrseensis Beck, Cyprsea 122. 
escragnollensia Vred., Gisortia 7. 
europsBa Montagu, Trivia 1. 

Everwijni Martin, Cypraea 223. 
exanthema Linn., Cypraea 35. 
excellens Koen., Cypraea 74. 
exerta Desh., Cypraea 43. 
exigua Gray, Trivia 53. 
eximia Sow., Gisortia 18. 
exusta Sow., Cypraea 23. 
fabula Kien, Cypraea 142. 

Farachii de Gregorio, Trivia 19. 

Feddeni Vred., Cypraedia 25. 
fenestralis Conr., Cypraedia 2. 
ficulina Stoliczka, Gisortia 15. 
fimbriata Gmel., Cypraea 115. 
flaveola Linn., Cypraea 186. 
formosa Gask., Trivia 5. 

Fultoni Sow., Cypraea 93. 
funiculifera Cossm., Cypraedia 9. 
fusca Gray, Trivia 12. 
fuscodentata Gray, Cypraea 169. 

Gabbiana Guppy, Cypraea 214. 
galapagensis Melv., Trivia 11. 
gallinacea Hinds, Erato 17. 
gampingensis Martin, Cypraea 208. 
gangranosa Sol., Cypraea 185. 

Gaskoinii Reeve, Cypraea 152. 
gastroplax McCoy, Gisortia 26. 
gemmula Weink., Cypraea 33. 
gendinganensis Martin, Cypraea 94. 

Genyi Bellardi, Cypraedia 27. 

Oeorgii Defrance, Cypraedia 18. 

Gervillei Sow., Cypraedia 18. 
gibbosa Borson, Cypraea 96. 
gigawtea Munster, Gisortia 25. 
gigas McCoy, Gisortia 23. 
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Girauxi Cossm., Cypreedia 3. 
gisortiensis Valenciennes, Gisortia 25. 
globosa Dujardin, Cyprsea 17. 
globosa Gray, Trivia 23. 
globularis Edw., Eocypresa 14. 
globulina Stoliczka, Transovula 1. 
globulus Linn., Pustularia 2. 

Goodalli Gray, Cyprcea 119. 
gracilis Gask., Cyprsea 129. 
grando Gask., Trivia 50. 

Granti d’Arch., Cyprsea 12. 

Grayi Michelotti, Trivia 28. 
guttata Gray, Cyprsea 202. 
guttula Sow., Erato 23. 

Hantkeni H. and M.-Ch., Gisortia 33. 

Haueri Micht., Cyprsea 47. 
helvola Linn., Cypreea 196. 

Henikeri Sow., Cyprsea 83. 
hiantula Cossm., Eocypraea 23. 

Hidalgi Vred., Trivia 43. 
birundo Linn., Cypraea 123. 
bistrio Meuscben, Cypraea 31. 

Hoernesi H. and M.-Cb., Gisortia 36. 
bumerosa Sow., Cypraea 81. 

Hungerfordi Sow., Cypraea 114. 
illota Tate, Erato 28. 
incrassata Doderlein, Erato 5. 
inflata Lam., Eocypraea 10. 
insculpta Martin, Cypraea 127. 
insecta Migbels, Trivia 52. 
intermedia Gray, Cypraea 30. 
intermedia Kiener, Trivia 49. 
interposita Desb., Cypraedia 13. 
interrupta Gray, Cypraea 146. 
intuscrenata C. and P., Trivia 17. 
involuta Zekeli, Eocypraea 2. 
iravadica Vred., Cypraea 77. 
irrorata Sol,, Cypraea 143. 

Isabella Linn., Cypraea 42. 

JTamesi Vred., Gisortia 80. 
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japonica Dali, Fedicularia 6. 

Jenkinei d’A. and H., Cypieea 68. 
jhirakensis Vred., Gisortia 9. 

Jonesiana Tate, Gyprea 162. 

Jimghnhni Martin, Gypreea 59. 

Kayei Forbes, Gisortia 4. 

Kitnahomczi Boettger, Erato 26. 
labrosa Bonelli, Gyprsea 52. 
lacbryma Gray, Erato 10. 

Ueviapenninica Saeco, Gyprsea 220. 

Isevis Donovan, Erato 1. 

Lamarcki Gray, G 3 rpr«Ba 199. 

Lanciee Brusina, Gyprsea 58. 

Laubrieri Gossmann, Eocyprsea 13. 
leilanensis Vred., Eocyprsea 11. 
lentiginosa Gray, Gyprsea 102. 
leporina Lam., Gyprsea 16. 
leptorhyncha McCoy, Gisortia 10. 
leucodon Broderip, Gyprsea 10. 
leucostoma Gask., Gyprsea 87. 

Levesquei Desk., Eocyprsea 18. 

Lbommei Gossm., Cyprsedia 5. 
limacina Lam., Gyprsea 205. 
lintea Conr., Gyprsea 29. 

Lioyi Bayan, G^rsea 49. 

Listeri Gray, Gyprsea 191. 
loxorbyncba Tate, Gisortia 19. 
lurida Linn., Gyprsea 39. 
lutea Gronovius, Gyprsea 100. 
lynx Linn., Gyprsea 19. 
macula Ad., Gyprsea 116. 
madagascariensis Gmel., Gyprsea 212. 

Malandainei Ch4deville, Gyprsea 95. 
mappa Linn., Gyprsea 1. 
margarita Sol., Gyprsea 196. 
marticensis Matberon, Eocyprsea 6. 

Martini Scbepman, Gyprsea 194. 

Maugerise Gray, Erato 7. 

Maugerise Gray, Trivia 31. 
inauritiana Liim., Cypr^a 2Q. 
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media Desh., Cypreea 63. 
mediterranea Risso, Trivia 2. 
melanostoma Leathes, Cyprsaa 18. 
metingensis Vied., Gisortia 31. 
microdon Gray, Cyprsea 117. 
miliaris Gask., Cyprsea 200. 
minor Grat., Cypraea 13. 
minor Tate, Erato 11. 

Moloni Bayan, Transovula 5. 
moneta Linn., Cyprsea 178. 
morningtonensis Tate, Erato 13. 

Mortoni Gabb, Eocypraea 4. 

Mulderi Tate, Gisortia J7. 
multicarinata Dali, Cypraedia 10. 
muUilirata Sow., Trivia 2. 

Murchisoni d’Arch., Gisortia 28. 
murisimilis Martin, Cypraea 73. 

Murrayana Tate, Eocypraea 19, 
mus Linn., Cypraea 85. 
nana Duclos, Erato 27. 

Napolini Duclos, Trivia 8. 
nasuta Sow., Cypraea 12. 
neglecta Sow., Cypraea 124. 

Neugeboreni H. and A., Cypraea 22?. 

Newboldi Forbes, Eocypraea 5. 
nigropunctata Gray, Cypraea 138. 
nivea Gray, Trivia 41. 
nivosa Broderip, Cypraea 14. 

Noetlingi Vred., Trivia 55. 
nucleus Linn., Cypraea 210. 
nuculoides Aldr., Cypraea 76. 
obesa Desh., Cypraea 74. 
obolus Oppenh., Cypraea 21 \ 
obvallata Lam., Cypraea 179. 
ocellata Linn., Cypraea 198. 
oligolaevis Sacco, Eocypraea 24. 
oligovata Sacco, C 3 T)raBdia 22. 
oligovulaea Sacco, Eocypraea 17. 
onisous Lam., Trivia 61. 
onyx Linn., Cypraea 98. 


14 ^ 


g2 
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Oppenheimi Vred., Cyprsea 219. 

Orbignyana Grat., Cypreea 69. 

Orbignyana Vred., Eocyprsea 3. 
orthocheila Edw., Eocypiea 22. 
oryza Lam., Trivia 46. 
ovata Martin, Cyprsea 83. 
oviformis Sow., Eocypraa 9. 
ovula d’Orb., Gisortia 6. 
ovulata Lam., Trivia 62. 
ovulatella Tate, Erato 19. 
ovulina Grat., Eocyprsea 16. 

Oweni Gray, Cyprsea 126. 
pacifica Gray, Trivia 42. 
pacifica Pease, Pedicularia 4. 
pallida Gray, Cyprsea 135. 
palumbella de Gregorio, Trivia 38. 
panamensis Dali, Trivia 20. 
pantherina Sol., Cyprsea 36. 
parallela Tate, Cyprsea 159. 
parvulorbis de Gregorio, ? Cyprsedia 28. 
paucilirata Sow., Trivia 36. 
pedicularis Desh., Trivia 18. 
pediculus Linn., Trivia 39. 
pellucida Reeve, Erato 15. 
pellucidula Gask., Trivia 51. 
persona Oppenh., Transovula 6. 

Philippii Speyer, Cyprsea 72. 
picta Gray, Cyprsea 139. 
pilula Kien., Trivia 22. 
pilulosa Stoliczka, Eocyprsea 1. 
pinguis Bonelli, Cyprsea 62. 
pinguis Conr.,Cyprsea 68. 
piperita Sol., Cyprsea 156. 
piriformis Gray, Cyprsea 105. 
pirulata Tate, Cyprsea 163. 
piralata Tate, Erato 12. 
pirum Gmel., Cyprsea 112. 
pisularis de Gregorio, Cyprsea 217. 
pisum Gask., Trivia 27. 
planodentata Sacco, Cyprsea 67. 



Part 2.] VEEDENBtrEG: Classification bf fossil Cyprondce. 

planulosa Bonelli, Erato 26. 
platypyga McCoy, Gisortia 13. 
platyrhyncha McCoy, Gisortia 11. 
platystoma Edw., Erato 35. 
polita Roberts, Cyprsea 206. 
pomphulogota Tate, Trivia 63. 
poraria Linn., Cyprsea 184. 
porcellus Brocchi, Cyprsea 64. 
poatalmsis Oppenh., Gisortia 25. 
prayensis Rochebrune, Erato 32. 

Prestwichi Edw., Erato 38. 
princeps Gray, Cyprsea 11. 
prisca Desh., Cyprsea 45. 
problematica Heilpr., Cyprsea 97. 
producta Gask., Trivia 57. 
prolsevis Sacco., Erato 4. 

Proserpinse Bayan, Cyprsedia 21. 
prunum Sow., Cyprsea 12. 
pulcbella Swains., Cyprsea 107. 
pulchra Gray, Cyprsea 40. 
pulex Sol., Trivia 16. 
pulicaria Reeve, Cyprsea 167. 
pulla Gask., Trivia 26. 
pulliensis Oppenh., Cyprsea 216. 
pumila Koen., Eocyprsea 21. 
punctata Linn., Cyprsea 128. 
punctulata Gray. Cyprsea 137. 
pustulata Lam., Cyprsea 213. 
quadrimaculata Gray, Cyprsea 131. 
quadripunctata Gray, Trivia 29. 
radians Lam., Trivia 54. 

Rashleighana Melv., Cyprsea 145. 

Raspaili Ch4d., Cyprsedia 23. 

Recluzi Cailliaud, Cyprsea 215. 
rediviva Oppenh., Erato 36. 

Reevei Gray, Cyprsea 157. 
reticulata Martyn, Cyprsea 29. 
retusa Sow., Trivia 14. 
rhinoceros Souverbie, Cyprsea 147. 

Ritse Yin,, Erato 39. 


149 



160 


Records of the Geological Survey of India, £Vol. tit. 

rostiata Zekeli, Gisortia 20. 
rubescens Gray, Trivia 13. 
rubinioolor Gask., Trivia 68. 
sandwicensis Pease, Erato 14. 
saaguinea Gray, Trivia 10. 
sanguinolenta Gmel., Cyprsea 104. 

Baulse Gask., Cyprsea 130. 
scabriuscula Gray, Erato 22. 
scabriuscula Gray, Trivia 47. 
scabriuscula Eoenen, C3rpr8eogemmula 1. 

Schmeltziana Crosse, Erato 29. 

Scottu Brod., Cyprroa 90. 
scurra Gheum., Cyprsea 32. 

Sellei de Raincourt, Eocyprsea 20. 
sicula Swains,, Pedicularia 1. 
silistrensis Vred., Gisortia 32. 
similis Gray, Cyprsea 170. 
simplidssima Martin, Cyprsea 12. 
sindiensis Vred., Cyprsea 209. 
singuensis Vred., Cj^rsea 80. 

Smitbi Aldrich, C 3 rprsea 44. 

Smithi Martin, Trivia 48. 

Solandri Gray, Trivia 56. 
sondeiana Martin, Cyprsea 105. 

Sophise Bemay, Cyprsedia 19. 

Sowerbyi Kien., Cyprsea 140. 
spadicea Swains., Cyprsea 99. 
sphserica Phil., Eocyprsea 15. 
sphsericulata Lam., Trivia 3. 
sphcerodoma Tate, Gisortia 18. 
sphseroides Conr., Cyprsea 74. 
sphmrula Migh., Trivia 23. 
spiralis Doderlein, Erato 9. 
spirata Schloth., Transovula 3. 
spuroa Linn., Cjrprsea 187. 
spurcoides Gabb, Cyprsea 60. 
squalena Tate, Cyprsea 158. 
staphylsea Linn., Cyprsea 207. 
stercoraria Linn., Cyprsea 34. 
stolida Linn., Cyprsea 121. 
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striatissima Vred., Cypreedia 7. 
subatomaria d’Orb., CyprsBa 66. 

Bubcylindrica Sow., Cyprsea 132. 
subexcisa Braun, Cyprsea 68. 
sublyncoides d’Orbigny, Cypreea 63. 
subpediculus d’Orb., Trivia 3. 
subphysis d’Orb., Cyprsea 51. 
subpirulata Tate, Cypraea 165. 
subrostrata Gray, Cypraea 46. 
subrostrata Gray, Trivia 25. 
subsidua Tate, Cypraea 161. 
subviridis Reeve, Cypraea 108. 
suifusa Gray, Trivia 44. 
sulcata Gask., Trivia 33. 
sulcidentata Gray, Cypraea 8. 
sulcifera Gray, Erato 24. 
sulcosa Lam., Cypraedia 14. 
talpa Linn., Cypraea 22. 
teres Gmel., Cypraea 144. 
tessellata Swains Cypraea 7. 
testudinaria Linn., Cypraea 21. 
thersites Gask., Cypraea 89. 

Thomasi Crosse, Cypraea 190. 
tigris Linn., Cypraea 20. 
transiens Boettger, Erato 26. 
tuberculosa Duclos, Gisortia 22. 
tumescens Edw., Cypraea 71. 
tumulus Heilprin, Cypraea 68. 
turdus Lam., Cypraea 203. 
umbilicata Sow., Gisortia 17. 
undata Lam., Cypraea 109. 
uniplicata Depontailler, Erato 1. 
ursellus Gmel., Cypraea 141. 
utriculata Lam., Cypraea 113. 
vendrestensis Cossm., Cypraedia 12. 
ventricosa Gray, Erato 30. 
ventricosa Reuss, Gisortia 8. 
ventriculuB Lam., Cypraea 6. 
ventripotens Cossm., Cypraea 68. 
yenusta Sow., Cypraea 92, 
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veraghoorensis Stoliczka, Gisortia J6- 
vesicularis Gask., Trivia 69. 
vitellina Hinds, Erato 18. 
vitellus Linn., Cypreea 2. 
vitrea Gask., Trivia 34. 

Walkeri Gray, Cyprsea 106. 

Wateleti Desk., Erato 34. 

Wetherelli Edw., Trivia 4. 

Willcoxi Dali, Cypreea 12. 

Woodward! Vred., Cyprsea 211. 
xanthodon Gray, CjTpreea 136. 
ziczac Linn., Cypr»a 110. 

Zignoi Oppenh., Cyprsea 218. 
zonata Ckenm., Cypra&a 103. 


Note on Cyprcea vmbilicata .—Since the foregoing review was printed, I received 
the following information kindly communicated by Mr. C. Hedlcy, Curator of the Aub- 
tralian Museum, regarding Cyprcea timbilicata : “ 1 agree with >ou that it lepre^rntB a 
group which flourished in the Australian Tertiaries and of which C. gigaa McCoy was a 
conspicuous member. But I think that it and they lived on a soft bottom, unlike ordi- 
naiy Cyprcea. The species has been taken alive. If it had not been too late (your 
article being in type) I would have sent you all my notes on C. vmbilicata.'* 
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Sulphur near the Confluence of the Greater Zab 
WITH the Tigris, Mesopotamia- By E. H. Pascoe, 
M.A. (Cantab.)* D.Sc. (Lond.)^ F.G.S., Offg. Director, 
Geological Survey of India- 

I N the course of a journey up the right bank of the Tigris from 
Tekrit to Mosul in January 1919, a large milky yellow pool, 
occupying what looked like a dammed up branch of the river, was 
observed from the top of the cliffs of the Jabal Mishrak. A strong 
odour of sul])huretted hydrogen was at the same time noticeable; 
when the wind blew from the east this smell was perceptible several 
miles west of the river. After crossing the Tigris at Mosul and Nineveh 
I made a hurried digression in order to investigate the phenomenon. 
.The locality is some 24 miles S. S. E. of Mosul, about 1| miles 
north of the confluence of the Greater Zab with the main river, 
and IJ miles west of a village called Jaif (see map, PI. 6). At this 
spot the Tigris has deserted its eastern channel and confined itself 
to a channel west of the island. One of the Arab names for this 
locality is “ The Fountain of Hell.” The eastern channel remains 
as a long sheet of water, which would have been completely shut 
off from the present river, were it not for a copious spring in the 
channel bed, which feeds its northern end, and causes it to 
overflow southwards into the Tigris. This large spring gives origin 
to a stream of water winding through the sandv flat and flowing 
into the old Tigris channel. For 40 or 50 yards along its course 
from its source, this stream is characterised by innumerable points 
of escape of sulphuretted hydrogen. The evolution of the gas 
is so brisk in places as to produce the appearance of ebullition, 
and it is dangerous to attempt to breathe below the top of the 
bank which is about five feet above the water. The odour above 
the bank is intensely strong and not to be endured for long; as 
already mentioned, it can be smelt two or three miles away. Occa¬ 
sionally one momentarily catches the odour of tar, but this is usually 
completely drowned by the sulphuretted hydrogen. Bituminous 
earth occurs in the bank of the stream, and the Tertiary beds 
beneath the superficial deposits are obviously of Fars age. The 
water is warm and bitter to the taste. Further and further from 


H 
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the spring the oxidation of the hydrogen sulphide and liberation 
of free sulphur increase to such an extent that the southern end 
of the Tigris arm is a milky yellow pool. The sulphur, present 
as such, is, however, too disseminated to be capable of collection 
in any useful quantity, but the amount of hydrogen sulphide 
evolved is very large. It is not a dfficult matter to oxidise HjS 
to SO 2 and ultimately to HgSO^, and I think the occurrence is worth 
the attention of a sulphuric acid expert. The supply may be 
variable, but the evolution has existed for some time and there 
is no reason why it should not persist for many more years. The 
risks and difficulties to be faced seem to be:— 

(/) The Tigris may attempt to revert to its old course. 

(ii) The supply may vary with the season of the year. 

(in) The supply may be altogether capricious. 

(tv) The supply may be affected by any boring for oil in the 
immediate neighbourhood. 

(i) could be controlled without much difficulty. With regard 
to (nV), the oldest inhabitants of a Kurdish village not far distant 
assert that the phenomenon has existed ever since they can remem¬ 
ber and has been known for at least 100 years, so that the chances 
of the evolution continuing indefinitely, are good, provided con¬ 
tingency no. (iv) does not interfere with it. The gas could be 
collected by building a gas-tight dome over the “ live ” area of 
the stream, with a pipe leading off. Oxidation would soon destroy 
the smell. Two or three types of sulphuretted hydrogen burners 
are in modem use for the manufacture of sulphuric acid, and all 
of them of simple structure. One consists of a brick chamber 
with “ baffling-walls,” into which the gas is admitted by a cast- 
iron pipe, the rate being controlled by an inlet valve. Air for 
the combustion of the gas is introduced partly by an annular aper¬ 
ture round the point of ingress of the cast-iron pipe, and partly 
by a separate regulatable aperture in the brick chamber. The 
heat produced is not only enough to prevent the flame of the burn¬ 
ing sulphuretted hydrogen from being extinguished, but may also 
be used in concentrating the final product. The process is per¬ 
fectly continuous and uniform, and the consumption of nitre reduced 
in consequence. A different form of burner furnished with shelves 
is described by E. Lombard.^ If a complete sulphuric acid plant 


^ Monit Scient. 1889, p. 1231. 



155 


Part 2.] Pascoe: Sulphur near Mosul, 

be considered unfeasible in the present state of the country, large 
quantities of free sulphur could be obtained by burning the sul¬ 
phuretted hydrogen in a limited supply of air, or by passing sulphur 
di'Oxide into the stream. Sulphur di-oxide is easily obtained by 
burning sulphur in air, and reacts with hydrogen sulphide in the 
following way :— 

2H2S+SO2 = 2H2O+3S. 

Some of the sulphur thus obtained could be burned to produce 
fresh supplies of sulphur di-oxide. There is no doubt that large 
quantities of sulphur are obtainable in this way, the final product 
being collected in a system of settling tanks with controlled inlets 
and outlets. With a properly constructed apparatus such as that 
used by Simpson and Parnell, a still greater yield of sulphur would 
be possible.^ At present the sulphur precipitated is only a very 
small fraction of the hydrogen sulphide evolved. 

The utilization of hydrogen sulphide is a problem w^ell worth 
consideration in Mesopotamia, as the gas will probably be evolved 
in vast quantities from any oil wells that may be obtained. There 
w’ill probably be an almost unlimited source of sulphur for anyone 
who can devise a simple contrivance for oxidising HgS as it issues 
from oil wells and seepages. 


* G. Lunge; Sulphuric Acid and Alkali, 3rd Edit., Vol. I. p. 370. 
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MISCELLANEOUS NOTES. 

Note on Monazite in the Southern Shan States. 

During my examination of the antimony deposits of the Southern Shan 
States in 1918, I had occasion to visit the granitic hills to the south-west 
of Mong Kung in Mong Kung State. I panned some of the sand from the 
stream flowing past the village of Wan Hapalam (21° 32': 97° 29'), which 
drains the easterly slopes of the hills of Loi Sang. The heavy concentrate 
contains considerable quantities of monazite, which occurs as small yellow- 
green grains, often showing crystalline faces and having sharp edges, 
showing that it had not travelled far. There is also present a fair quantity 
of zircon, some garnet, magnetite, ilmenite, a httle rutile, and hornblende. 
The lighter portion of the sand which is washed off, consists of quartz, felspar, 
biotite, a little tourmaline, and some kaolinised felspar. The quantity 
of sand is small, and is of no economic importance. 

[H. Cecil Jones.] 


Note on an occurrence of Graptolites in the Southern Shan 

States. 

Mr. LaTouche has described the occurrence of graptolites which he 
discovered in the Northern Shan States. (Mem, Oeol, Surv.^ India, Vol. 
XXXIX, part 2.) This note is to put on record an occurrence of grap¬ 
tolites which I came across whilst examining antimony deposits in the 
Southern Shan States in 1918. 

The graptolites occur very abundantly in some shales which are exposed 
near, and in a small stream just west of the village of Hwe-noi (21° 46' : 
07° 35'), about 12 miles north of the town of Mong Kung, in the Mong Kung 
State. White and yellowish sandy shales are seen overlying a nearly black 
variety of shale, and in the three varieties the graptolites, which consist 
of Monogra'ptus sp., and Diplograptus sp., are found. Owing to lack of time, 
I was not able to follow up the ban<l, or work out the geology, but a short 
distance to the north-east and apparently dipping under these graptolite 
shales is an exposure of the Hwe Mawng purple beds. 

[H. Cecil Jones.] 

The growth of an efflorescence of Cerium sulphate on Travan- 
core Graphite (Plate 7). 

The object of this short note is to place on record the phenomenon of the 
growth of »n efflorescence of cerium sulphate, under ordinary atmospheric 
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conditions, on the surface of a specimen of graphite. Plate No. 7 shows 
a series of photographs (4^ times natural size) of the efflorescence growing 
on the surface of the specimen. The formation of the efflorescence was 
first noticed in the Presidency College, Madras, where I was Professor of 
Geology. The graphite came originally from a mine at Vellanad in the 
Nedumangad Taluk of Travancore State, and was obtained from a vein of 
graphite at a depth of 580 feet. The mines were closed about 1910 immedi- 
ately after the vein had been reached. When first received at the Presidency 
College, Madras, the specimen was exactly like ordinary graphite in appear¬ 
ance but on being kept in one of the show cases of the Geological Museum the 
efflorescence of cerium sulphate slowly formed on its surface. A portion of 
the specimen was subsequently brought to the offices of the Geological 
Survey of India, Calcutta, where the efflorescence continued to form. 

The graphite contains visible grains of amber coloured monazite, and 
occasional minute grains of iron pyrites. The monazite grains, as far as 
could be observed, never show any sign of decomposition, and the growth 
of the cerium sulphate efflorescence is least vigorous where monazite is 
visible in the specimen. The efflorescence is canary yellow in colour; it 
dissolves slowly but completely in cold water, the solution giving :— 

( 1 ) a copious precipitate with acid barium chloride solution, and 

( 2 ) a dense white precipitate of lenticular crystals of 3 Ce SO4. Na^ 8O4. 

2 H|0. with sulphuric acid and sodium sulphate solution. 

That the cerium is present in the cerous form is shown by the fact that the 
aqueous solution of the efflorescence gives, with caustic soda, a white preci¬ 
pitate changing gradually to yellow, while the addition of hydrogen peroxide 
followed by a little ammonia gives a dark orange precipitate of Ce O 3 . H,0. 

The following estimation of cerium in the original graphite was made by 
my colleague W. Erlani Smith, Professor of Chemistry in the Presidency 
College, Madras. 4*560 grammes of graphite dust, as free as possible from 
monazite and pyrites, were fused with sodium peroxide in a nickel crucible 
with a view to burning off the carbon. The melt was extracted with water 
and digested with hydrochloric acid, and, after filtering off the insoluble 
residue (silica and some unburnt graphite), ammonium oxalate was added 
to the filtrate to precipitate rare earths. On examination in the usual way 
the filtrate from the oxalate treatment was found to contain only iron and 
aluminium (both in considerable quantity) and phosphoric acid (a very 
small amount). The rare earth oxalate precipitate w*as found to contain 
no thorium or yttrium, only a trace of lanthanum and didymium, and 0*295 
grammes of Ce 0,, which is equivalent to nearly 6 i per cent, in the original 
graphite. 

In view of the very small amount of phosphoric acid, lanthana and 
didymia found, and the absence of thoria it seems probable that cerium is 
present in the graphite in some other mineral form in addition to monazite. 
Up to the present it has been imjjossible definitely to identify any other 
compound of cerium, but the behaviour of the crude graphite in vacuo, and 
in the presence of water, is somewhat significant. A specimen of the graphite 
dust (obtained by cutting through the specimen with a fine hacksaw), as 
free as possible from monazite and pyrites, was washed thoroughly with 
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water and then transferred immediately, while wet, to a glass tube sealed at 
one end. In the open end of the tube was then placed a roll of lead acetate 
paper, and the end of the tube was attached to a Gaede pump and the tube 
exhausted. The moist solid was then very gently warmed when immediately 
the lead paper blackened all over. This could not be due to the action of 
water on pyrites and would appear to indicate the presence of some less stable 
sulphide. 

EXPLANATION OF PLATE 7. 

Growth of an efflorescence of cerium sulphate on the surface of a specimen of 
Travancore graphite (niagnitied times). 

[Murray Stuart.] 
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I.-INTRODUCTION. 

T he method of classification adopted in the first Keview of 
Mineral Production published in these Records (Vol. XXXII) 
although admittedly not entirely satisfactory, is still the best that 
can be devised under present conditions. The methods of oollect- 

9 
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ing the returns are becoming more precise every year and the 
machinery employed for the purpose more efficient. Hence the 
number of minerals included in Class I—for which approximately 
trustworthy annual returns are available—^is gradually increasing, 
and it is hoped that before long the minerals of Class II—for which 
regularly recurring and full particulars cannot be procured—will be 
reduced to a very small number. In the case of minerals still 
exploited chiefly under primitive native methods and thus forming 
the basis of an industry carried on by a large number of persons 
each working independently and on a very small scale, the collection 
of reliable statistics is impossible, but the total error &om year to 
year is not improbably approximately constant and the figures 
obtained may be accepted as a fairly reliable index to the general 
trend of the industry. In the case of gold, the small indigenous 
alluvial industry contributes such an insignificant portion to the 
total outturn that any error from this source may be regarded as 
negligible. 

From table 1 it will be seen that there has been an apparent 
increase of over £6,000,000 or 38‘39 per cent, in the value 
of the total production over that of 1918. The value figures, 
however, are largely artificial. In some instances although the 
output has increased in quantity, it has decreased in value. 
This decrease is principally due to the fall in the market prices 
of ores and metals which indicate that the market is gradually 
returning to normal conditions as a result of the cessation of the 
war. In accordance with an order of the Government of India, 
the sterling values in all tables for the year 1919 have been derived 
from rupee values by conversion at the rate of Rs. 10=£1. 
The actual average value of the rupee during 1919 was Is. 8^d. 
(Rs. 11'514=£1); the highest value reached was 2s. ^jd. and the lowest 
value Is. 5?ld. The values for the year 1918 have been calculated at 
the rate of one rupoo=ls. id. (Rs. 15=£1), the actual average value 
of the rupee being Is. 5^d.; the highest value reached in that 
year was Is. and the lowest Is. 4^d. 

The number of mineral concessions granted during the year 
amounted to 708 as against 719 in the preoed- 
**"^««!3!****°"* *^*8 these were prospecting 

licenses and 106 mining leases, 
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Table 1. — Total value of Minerals for which returns of Production 
are available for the years 1918 and 1919,^ 





i9ia 

1919. 

(Rupee == 2s.) 



Varia- 




(Rupee 
== Is. 4</.) 

Increase. 

Decrease. 

tion per 
cent. 

Coal . 



£ 

£ 

£ 

£ 




6,017,215 

10,119,256 

4,102,041 

... 

H-68-1 

Gold . 



2,060,162 

2,266,039 

195,887 

• •• 

-}-9*6 

Petroleum , 



1,131,904 

1,834,308 

702,404 

... 

+62 

Salt 



1,646,195 

1,823,522 

178,327 

... 

+ 10-8 

Mangane8o(a) 



1,481,736 

1,546,330 

64,595 

... 

+4*36 

Mioa(a) 



625,271 

863,448 

238,177 

... 

+ 38*1 

Lead and Lead-ore 


450,477 

668,642 

218,165 

• •• 

+48-32 

Tungsten-ore 



726,681 

539,544 

... 

187,137 

—25-75 

Silver . 

, 


296,696 

487,246 

191,550 

... 

+64-72 

Saltpetre 

, 


589,190 

471,247 

... 

117,943 

—20 

Building materials 


263,290 

436,183 

172,893 

... 

+65-7 

Tin and Tin-ore 



134,635 

241,150 

106,515 

... 

+79-1 

Ruby, Sapphire and Spinel 

40,310 

108,087 

67,777 

... 

+ 168-1 

Chromite 



62,063 

88,724 

36,661 

... 

+70-4 

Jadeatone(a) 



124,113 

87,102 

... 

37,011 

—29-8 

Monazite 



58,819 

60,712 

1,893 


+3-2 

Copper-ore . 



4,063 

62,416 

48,363 

... 

+ 1193-2 

Clay . 



14,084 

49,960 

35,876 

... 

+254-7 

Iron-ore 



41,105 

45,887 

4,782 

... 

+ 11-6 

Diamond 



2,625 

20,825 

18,200 

... 

+693-3 

Magnesite 



4,641 

19,728 

15,087 

... 

+325-08 

Steatite 



7,708 

6,498 1 

... 

1,210 

-15-7 

Corundum . 



4,108 

1 5,347 

1,239 

... 

+ 30-16 

Alum 



960 

4,800 

3,840 

... 

+400 

Ochre 



2,890 

3,600 

710 

... 

+24-6 

Gypsum 



1,139 

2,869 

1,730 


+ 161-9 

Bauxite 



894 

1,934 

1,040 

... 

+ 116-4 

Asbestos 



965 

1,656 

691 

... 

+71-6 

Barytes 
Antimony . 



2,948 

1,561 

» • • 

1,387 

—4706 



6 

203 

197 

... 

... 

Graphite 



361 

819 

458 

... 

+ 126-9 

Amber 



87 

616 

529 

... 

+608 

Apatite 



3,400 

500 

... 

2,900 

—86-3 

Molybdenite 



62 

101 

39 

... 

+63 

Potash 



46 

42 

... 

4 

—8-7 

Samarskite . 



4 

10 

6 

... 

+ 160 

Aquamarine 



180 

... 

... 

180 

... 

Platinum 



2 

... 

... 

2 

... 

Total 

• 

15J59,014 

21.850,912 

6,409,673 

_ 

347,774 

_ 

+ 38-39 






-f 6,061,898 



(a) Export values. 

* The increases or deoieases are shown in sterling values, taking the rupee at Is. 4d* 
for 1918 and at 2s, for 1919. (The true average for 1918 was Is. 5Ud. and for 1919, 
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Chromite. Gold. 

Coal Graphita 

Copper. Iron. 

Diamonds. Jadeite. 


Lead. 

Magnesite. 

Manganese. 

Mioa. 

Tungsten. 


Monazite. Salt. 

Petroleum. Saltpetre. 

Ruby, Sapphire Silver, 

and Spinel. Tin. 


Chromite. 


The marked increase in the output of chromite during the year 
1918 was not repeated during the present year. In fact 
there was a distinct decrease in output, especially in Baluchistan, 
but a decided increase in the total value of the material won, which 
is due largely to the increase in the exchange value of the rupee. 
The recently discovered property in Mysore all but maintained 
its yield of the year previous. 


Table 2. —Quantity and value of Chromite produced in India during 

1918 and 1919. 


1918. 


1919. 



Quantity, j 

Value. 

1 (Rupee—1^. 4d.) 

1 

Quantity. 

j Value. 

(Rupee =:2«.) 

1 

Tons. 

Ub. 

£ 

Tons. 

1 

1 J 

Rs. 

£ 

Baluchistan . 

Bihar and Orissa 
Mysore . 

1 22,944 
1,086-6 
33,740 

3,44,160 

24,666 

4,12,116 

22,944 

1,644*4 

27,474-3 

1 13,223-3 

1 843-8 

1 22,372 

4,29,757 

12.721 

4,44,766 

42,976 

1,272 

44,476 

Total 

j S7,769’S 

7,80,941 

52,062^7 

' i 

1 36,439-1 

8^7,244 

88,724 


CoaL 

There was an increase of about 2 million tons, or over 9 per 
cent., in the output of coal. This increase was due largely to Bengal 
and Bihar and Orissa; Central India and Baluchistan shewed a 
decided decrease. There was a small increase in the pit’s mouth 
value everywhere, except in Central India and the Central Provinces. 
In the fields of Bengal and Bihar and Orissa, the rates of increase 
were respectively Re. 0-1-2 and Re. 0-2-11 per ton. 





163 


Part 3.] Pascoe : Mineral Production, 1919. 

Table 3. —Average ‘price {per ton) of coal extracted Jrom the Mines 
in each province during the 'year 1919. 


Province. 


I Average price per ton. 


Assam .... 
Baluchistan 

Bengal .... 
Bihar and Orissa 
Burma .... 
Central India 
Central Provinces 
North-West Frontier Province 
Punjab .... 
Eajputana 


Rs. A. P. 
7 10 G 

15 12 2 

5 0 1 

4 1 2 

(a)0 4 0 

3 9 7 

6 7 0 

6 0 0 

11 12 8 

6 9 0 


(a) The low value is due to difficulty of transport. 


* Table 4. — Origin of Indian Coal rained daring 1918 and 1919, 



1 Average of 
, last five 

1918. 

1919. 


^ years. 



Oondwana (Vialfields . 

Tertiary Coaiholds 

Tons 

17,542,676 

408,907 

Tons. 

20,322,892 

399,601 

Tons. 

22,238,802 

389,235 


Total 

20,722,493 

22,628,037 


Table 5. —Provincial Production of Coal during the years 1918 and 

1919, 


Province. 


Assam . . . . • 

Baluchistan .... 
Bengal ..... 
Bih^ and Orissa 
Burma . . 

Central India 
Central Provinces . 

Hyderabad .... 
North-West Frontier Province 
Punjab . . . . 

Rajputana . . • . 


1918. 

1919. 

Increase. 

Decrease. 

Tons. 

Tons. 

Tons. 

Tons 

294,484 

291,734 

... 

2.750 

43,125 

34,328 

... 

8a797 

5,302,295 

6,777,632 

476,337 

... 

13,680,030 

15,119,812 

1,439,782 

... 


1,600 

1,500 

... 

199,975 

182,141 

\ 

17,831 


481,470 

669,122 

240 

50,418 

11,334 

?A727 493 


497,021 16,651 

662,196 3,074 

20 
46,893 

14,760 3,426 

22,628,037 1,938,670 
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TabIiB 6. —Output of the Qonduxma Coal fields for the years 1918 and 

1919. 



191& 

1919. 

_ 

Tons. 

Per o^t. of 
Indian 
Total. 

Tons. 

Per cent, of 
Indian 
Total. 

Bengcd, Bihar and Orissa — 





Daltongan] 

81,816 

•39 

63,250 

*28 

Giridih .... 

846,592 

4-09 

950,045 

4-20 

Jainti .... 

140,373 

•68 

154,850 

*69 

Jharia .... 

10,952,010 

52-85 

12,146,917 

53-68 

Bokaro'l^mgarh 

541,977 

2-62 

722,682 

3*19 

Raniganj 

6,368,519 

30-74 

6,815,126 

3011 

Sam^lpur (Hingir-Rampur) 

61,038 

•26 

46,674 

•20 

Central India — 





Umaria .... 

199,976 

•96 

182,141 

•80 

Centred Provinces — 





Balkrpur .... 

136,376 

•66 

126,366 

•56 

Penoh Valley 

267,303 

1-29 

285,356 

1-26 

Mohpani 

Hyderabad — 

Singareni • 

*78,792 

•38 

85,299 

•38 

659,122 

3-18 

662,196 

2-93 

Total . 1 

1 

20,322,892 

98*08 

22,238,802 

98*28 


Table 7. —Output of Tertiary Coalfields for the years 1918 and 1919. 



1918. 

1919. 


Tons. 

Per cent of 
Indian 
Total. 

Tona 

Per cent of 
Indian 
Total 

Assam — 

Makum .... 
Naga Hills 

Sibsagar . 

i^asi and Jaintla Hills 
Baduchistan — 

Khost 

Sor Range 

North-West FroMer Province — 
Bwrmor— • • 

Punjab — 

Jhelum • • 

Mianwal 

Shahpnr .... 
BajpiOarM — 

Jttkanix . • • • 

267,749 

24,299 

1,827 

609 

29,600 

13,525 

240 

89,651 

5,152 

5,615 

11,334 

1 1-421 

} K 

•05 

269,662 

29,941 

1,541 

600 

23,703 

10,626 

20 

1,500 

35,845 

5,822 

5,226 

14,760 

) 

f 1-29 

3 

\ ■“ 

^ *21 

•06 

Total 

<99,Ml 

1-02 

389,235 

1-72 
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Exports of coal rose to over half a tnillion tons. Imports, on the 
other hand, fell from 54,000 tons to 49,000 tons. 


Table. 8. —Exports of Indian Coal. 


— 

1918. 

1919. 

Quantity. 

Value. 
(Rupee 
= ld. 4d.) 

Quantity. 

Value. 

(Rupee=2«.) 


Tons. 

£ 

Tons. 

£ 

Ceylon 

51,935 

36,442 

296,192 

353,169 

Straits Bettloments (including 

10,279 

6,853 

116,304 

128,899 

Labuan). 





Sumatra . . • • 

... 

... 

41,756 

61,350 

Other Countries . 

12,121 

8,703 

53,678 

67,476 

Total 

74,335 

51,998 

507,930 

600,894 

Coke and Patent Fuel • 

131 

346 

607 

2,917 

Total Coal, Coke and Patent Fuel 

74,466 

62M4 

508,537 

603,811 


Table 9. —Imports of Coal, Coke and Patevl Fml during 1918 and 1919. 



1918. 

1919. 


Quantity. 

Value. 
(Rupee 
- Is, 4d.) 

Quantity. 

Value. 

(Rupeo=2«.) 


Tons. 

£ 

Tons. 

£ 

Australia (including New Zea¬ 
land). 

4,857 

9,741 

3,329 

6,364 

Natal . . . . 

13,020 

29,805 

18,089 j 

54,302 

Portuguese East Africa 

22,680 

37,416 

16,880 

43,710 

United Kingdom 

7,580 

33,944 

4,656 1 

19,760 

Other Countries . 

5,065 

17,578 

4,734 

10,588 

Total 

53,202 

128,484 

47,688 

134,720 

Coke. 

1,144 

6,227 

957 

6,773 

Patent Fuel • 

... 

11 

30 

171 

Total 

54,346 

134,722 

48,675 

141,664 
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The average number of persons employed daily in the coalfields 
increased by over 12,000 or about 6| pet cent. The average output 
per person employed was more than that in the preceding year, 
viz., 111*05 tons as against 108*3. The total mimber of fatal 
accidents was 287 corresponding to a death-rate of 1*41 per thousand 
persons employed. 


Table 10.— Average number of persons employed daily in the Indian 
Coalfields during 1918 and 1919. 






Output 

Number 

Death- 
rate per 
1,000 
persons 
employed. 

Province. 


Number of persons em¬ 
ployed. 

per 

person 

employed. 

of deaths 
by acci¬ 
dent. 



1918. 

1919. 

1919. 

1919. 

1919. 

Assam 


3,085 

3,230 

90-3 

13 

4-02 

Baluchistan 


993 

1,006 

341 

4 

3-97 

Bengal 


46,149 

48.642 

118-8 

72 

1-48 

Bihar and Orissa 


118,849 

129,927 

116-4 

161 

1-24 

Burma 


70 

21-4 

... 

... 

Central India 


3,047 

1,293 

140-9 

1 

•77 

Central Provinces 


6,052 

6,306 

78-8 

9 

1-43 

Hyderabad 


11,G82 

11,974 

65-3 

26 

2-17 

North-West Frontier 

12 

5 

4-0 


... 

Province. 

Punjab 


1,358 

1,191 

39-4 

1 

•84 

Rajputana . 

• 

198 

108 

136-7 

... 

... 

Total 

• 

191,325 

203,752 

1 

i 

287 

... 

Avebaqs 

• 

... 

... 

1 

111-05 ' 

1 

1-41 


Copper. 

The output of copper ore in Singhbhum fell from 20,108 tons in 
1917 to only 3,619 tons in 1918. The industry more than recovered 
itself, however, in 1919, when 32,750 tons, valued at over £52,000, 
were obtained (see Table 1). Smelting operations were begun 
at the Bakha Mines during the year 1918 and resulted in the produc¬ 
tion of 980jt tons of refined copper in the year 1919. 
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Diamonds. 

The output of diamonds from Central India amounted to 3ir9 
carats valued at Rs. 2,08,253 (£20,825) as against 73-29 carats valued 
at Rs. 39,377 (£2,625) in the preceding year. 

Gold. 

There was again a decrease, amounting to 28,858 oz. in the 
output of gold. All provinces with the exception of the Punjab 
shared in this decrease which, however, was borne chiefly by the 
Mysore flelds where the output fell by 19,164 oz. 


Table 11. —Quantity and value of Oold 'produced in India during 

1918 and 1919. 




1918. 



1919. 


T.oKaiii* 


Quantity. 

Value. 

(Bupee»>is. 4d.) 

Quantity. 

I Value. 

1 (RupeCB:2s.) 

jj&UQur« 

_ 

ozs. 

1 

£ 

ozs. 

Rs. i 

£ 


lilhar and Oiusa — 








Suigiibhum 
Jiurma — 

2. OS 5 

1,48,573 1 

9,905 

173 

11,776 

1,178 

228 

Myitkyina 

105-57 

6,069 

404 




., 

K atiia 

19-23 

1,0601 

71 

‘ ‘ 7-79 

‘*440 

44 

] 38 

I’ppor Chindwin 

1 46-40 

3.960 

264 

30*84 

! 2,981 

298 

Hyderabad . 

11,'.02-S 

6 74,0461 

44,936 

10,047-6 

6,10,195(a) 

61,019(0) 

919 

Afadraa 

17 S-? 1 

10,08,2791 

67,219 

11.018 

5,62,918(5)1 

56,292(6) 

554 

Myhote . 1 

504,41-2 

•2,90,51.774 1 

1,936,785 

485,218 

,2,13,(»2,846(c)'2,13(»,285(i) 

24,400 

Punjab 

109-95 

8,1191 

541 

130*73 

8,914 1 

891 

286 

VnUed Prounces . | 

6-J7 

398 

27 

4*0 

321 

1 

32 

20 

Total 

636,118-32 


2,060,152 

507,260*56 

2,25,60,391 

2,256,039 1 

26,454 


(//) Figures for actual sales not available. 

(6) I'ingllsh sales £3«,011 ; Indian sales Bs. 2,02,808. 

(r) English sales £1,236,155 ; Indian sales Bs. 90,01,296. 


Graphite. 

There was a recovery in the output of graphite which rose from 
81 tons valued at Rs. 5,410 in 1918 to 127 tons valued at Rs. 8,189 
in the year under review. Rajputana produced only 5 tons; in 
Kalahandi the output rose from 80 to 100 tons and in Patna 
amounted to 22 tons. 

Iron. 

There was a considerable increase in the output of iron-ore. 
The Tata Iron and Steel Company produced 232,368 tons of pig 
iron, 134,061*2 tons of steel including rails and 2,650 tons of ferro¬ 
manganese, while the Bengal Iron and Steel Company produced 
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84,966 tons of pig iron, 4,732 tons of ferro-manganese and 29,635 
tons of cast iron castings. In the Central Provinces there was a 
reduction of over 31 per cent, in the number of indigenous furnaces 
which fell from 232 in 1918 to 169 in the year under review. The 
Burma Corporation Limited are extracting limonite at Wetwun 
near Maymyo, Burma, for use as a flux in their lead smelting at 
Namtu; large quantities are said to be available. 


Table 12.— Quantity and value of Iron-ore produced in India during 

1918 and 1919, 



1918. 

1919. 


Quantity. 

Value. 

(Rupee—Itf. 4:d.) 

Quantity. 

Value. 

(Rupee 2s.) 

Bihar and 

Orieaa — 
Singhbhum . 
Orissa] . 

Burma 

Central Provinces 
Other Provinces 
and States, 

Tons. 

120,363 

339,304-6 

26,680 

6,097 

224-6 

Bs. 

1,27,239 

4,62,163 

13,982 

23,186 

(a) 

£ 

8,483 

30,144 

932 

1,646 


Rs. 

139,639 

294,566 

16,947 

8,716 

(o) 

£ 

13,963*9 

29,466*6 

1,694*7 

871*6 

• •a 

Total 

492,669*1 

6,16,669 

41,105 

563,750-2 

468,868 

46,886-8 


(a) Not available. 


Jadeite. 

There was a decrease of nearly 37 per cent, in the output of 
jadeite in Burma, which fell from 3,203'1 cwt. valuod at Rs. 3,78,135 
(£26,209) in 1918 to 2,019 2 cwt. valued at Rs. 2,80,454 (£28,045) 
in the year under review. 

Lead. 

There was an increase of some 6,600 tons in the amount of ore 
and slag produced at the Bawdwin mines; the amount of metal 
extracted was also greater than that recovered in the year 1918, 
the total output being 19,090 tons valued at Rs. 66,86,416 as against 
18,995 tons valued at Rs. 67,51,842 in the preceding year. The 
quantity of silver extracted rose from 1,970,614 oz. valued at 
Rs. 44,38|8S1 in 1918 to 2,164,854 oz. valued at Rs. 48,70,919 in 
the yeait under review. 















Table 13. —Production of Lead and Silver Ore during 1918 and 1919. 


Part 3.] 


Pascoe : Mineral Production, 1919, 


169 



(a) Value of 17,507*84 tons of lead extracted. (f) Value of 1,070,614 oss. of silver extracted. 

lb) Value of 700*18 tons of lead extracted. (a) Value of 10,018*06 tons of lead extracted, 

(e) Value of 376*40 tons of lead extracted. (k) Value of 34*08 tons of lead extracted. 

id) Value of 351*03 tons of lead extracted. (i) Value of 37*07 tons of lead extracted. 

(e) Value not returned. bl Value of 2,164,853*68 oss. of silver extracted. 
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Magnesite. 

The sadden demand for Indian magnesite, which arose during 
the war owing to the temporary loss of Styrian supplies, ceased 
daring the year 1918 and the Salem output fell from over 18,000 
tons in 1917 to a little under 6,000 tons. In 1919, however, the 
industry revived and the output reached a figure only 1,000 tons 
short of the quantity raised in 1917. 


Table 14. —Quantity and vcdue of Magnesite produced in India 
during 1918 and 1919. 



1 

j 1918. 


1919. 



1 

Quantity. 

Value. 

(Rupee—1«. 4d.) 

Quantity. 

Value. 

(Rupee -2s,) 

Madras — 


Tone. 

Rs. 

£ 

Tons. 

Rs. 

£ 

Salem . 


6,773 

69,276 

4,618 

13,012 

156,144 

1 15,614 

Mysore 

• 

80 

342 

23 

4,114 

41,140 

. 4,114 

Total 

• 

5,853 

69,618 

4,641 

17,126 

197,284 

19,728 


Manganese. 

The output of manganese ore increased slightly from about 518,000 
tons in 1918 to about 538,000 tons in the year under leview. As 
usual, over 80 per cent, of the })roduction came from the Central 
Provinces. The amount exported (exclusive of exports from Mor- 
mugao) was only 370,000 tons, resulting in a further increase in 
stocks held in this country. 


Table 15. —Export of Manganese ore during 1918 and 1919. 



1918. 

1919. 

—• 

Quantity. 

Value. 
(Rupee 
- Is. 4d.) 

Quantity. 

Value. 

(Rupee—2«.) 

To- 

United Kingdom 

France • . . • 

Italy . . . • 

Japan .... 

United States of America . 
Other Countries 

Tons. 

246,005 

48,400 

2,476 

24,846 

29,100 

£ 

321,360 

66,908 

3,185 

43,912 

47,217 

Tons. 

224,167 

52,300 

3,260 

1,690 

12,800 

76,262 

£ 

422,516 

92,163 

7,249 

5,170 

22,951 

147,683 

Total 

359.826 

482,682 

370,459 

697,732 
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Table 16. —Quantity and value of Manganese ore produced during 

1918 and 1919. 



1918. 

__ 

1919. 


Quantity. 

Value f. 0. b. 
at Indian 
ports. 

Quantity. 

Value f. o. b. 
at Indian 
ports. 


Tons. 

£ 

Tons. 

£ 

Bihar and Or ism — 

Singh bhum 

Oangpur 

450 

15,895 

1,170 

41,327 

325 

21,208 

877 

67,202 

Bombay — 

- Chota Udepur 

Panoh Mahalfl 

7,202 

30,893 

18,725 

80,322 

14,993 

29,640 

40,481 

79,758 

Central Provinces — 

Balaghat 

Bhandara 

Chindwara 

Jubbulpore , 

Nagpur 

1 214,972 

32,246 
72,398 
06 

118,948 

034,107 

96,123 

213,674 

192 

360,897 

1 238,681 

34,032 : 
55,310 j 

1 11^862 , 

704,109^ 

102,254 

163,105 

341,703 

Madras — i 

Vizagapatam . . . | 

2,230 

3,382 

1 

2,778 

6,047 

Mysore .... 

22,066 

12,866 

' 24,076 

51,614 

Total 

517,953 

1,481,735 j 

537,995 j 

i 1M0,330 


Mica. 

The declared output of mica shows a decrease of nearly 9,000 
cwt., over that of the previous year, having dropped from about 
54,700 cwt. to 45,700 cwt. These figures are, however, not very 
reliable, and cannot be regarded as indicating a relaxation of the 
urgent demand for this mineral in all the allied countries. As 
usual, the exports considerably exceeded the recorded production 
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and amounted to 59,098 cwt. valued at £863,448. This figure is 
less by 856 cwt. than the exports of the year 1918. 

Table 17 .—Quantity and value of Mica produced in India during 

1918 and 1919. 



1018. 

1919. 


Quantity. 

Value. 

(Rupee—Itf. 4d.) 

Quantity. 

1 Value. 

(Rupco‘-2«.) 


Cwts. 

Rs. 

£ 

Cwts. 

1 

Rs. 

£ 

Bihar and Orissa 

46,607-6 

18,60,714 

124,047-6 

34,230*2 

16,96,781 

169,678-1 

Central India 

290-2 

(o) 

... 

... 


(Gwalior State). 






Madras 

6,644-7 

4,61,693 

30,772-9 

8,320-6 

6,25,800 

62,680 

Mysore 

17-9 

781 

62 

... 

... 

... 

Bajputana 

2,260 

66,429 

3,762 

3,232*9 

76,845 

7,584-5 

Total . 

64,710*3 

23,79,517 

m,6U-5 

46,783-7 

21,98,420 

219,842-6 


{a) Value not returned. 


Monazite. 

There was a slight decrease in the output of monazite in Travan- 
core, which fell from 2,117'2 tons, valued at £58,819 in the year 
1918 to 2,023’7 tons, valued at £60,712, in the year under review. 


Petroleum. 

There was an increase of about 19 million gallons in the output 
of petroleum, the total production being 305,651,816 gallons. The 
chief increases were over 32^ million gallons from the Singu field, 
over I million from the Upper Chindwin field and 1 million from 
the Badarpur field in Assam. The Yenangyaung field was respon* 
sible for the principal decrease in production, its output having 
fallen by about 13| million gallons. There were also falls in the 
outputs of Yeuangyat, Miubu, Digbm, and Attock. 
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Table 18. —Quantity and value of Petroleum produced in India 
during 1918 and 1919. 



1918. 

1919. 


Quantity. 

Value. 

(Eupee»lt. 4d.) 

Quantity. 

Value. 

(Bupee»2t.) 

Burma — 

Akyab . 
Kyaukpyu 
Yraan^yanng 

Singii Field 
Yenangyat Field 
Minbu 
Thayetmyo 
Upper Chiudwiii 

Gallona. 

10,821 

40,508 

203,638,043 

61,a35,972 

4,730,587 

4,820.735 

63,000 

473,800 

Bs. 

8,122 

22,305 

1,17,67,392 

36,24,016 

2,63.310 

6.03,842 

7,900 

35,535 

£ 

208 

1,487 

783,826 

234,934 

17,664 

40,223 

627 

2,369 

Gallons. 

10,718 

48,044 

190,322,077 

93,626,506 

4,123,387 

4,423,361 

113,784 

1,085.030 

Bjl 

3,092 

22,865 

1,09,88,797 

54,05,802 

2,82,828 

8,29,380 

14,223 

81,377 


£ 

309*2 

2,286*5 

1,098,879*7 

540,580*2 
23,282 8 
82,988 
1,422*3 
8.137-7 

Jitiom 

l)lgboi(Lakhiin> 

piir) 

Badarpur 

5,423,580 

2,68.453 

17,897 

6,242,617 

2,59,400 


25,940 

5,574,068 

4,18,055 

27.870 

6,546,062 

4,00,958 


49,095*3 

PvnfaB^ 

’Attock 

MiaPirali 

750.000 

807 

75,000 

120 

6,000 

9 

113,360 

970 

14,170 

191 


1,417 

19*1 

Total . 

286,686.011 

1,69,78,659 

1,131,904 

306,661.816 

1 

1,83,43,078 

1,834,307 8 


There was a very largo increase in the imports of kerosene oil, 
which rose from 21f gallons in 1918 to times that amount in 1919, 
viz., 74-y million gallons, valued at over f5J million. The exports 
of paraffin wax rose from 508,952 cwt., valued at £775,962 in 
the year 1918 to 532,479 cwt., valued at £1,216,252 in the year 
under review. 


Table Imports of Kerosene oil during 1918 and 1919. 



1918. 

1919. 

— 

i 

Quantity. | 

1 

Value. 
(Rupee 
-U 4d.) 

Quantity. 

1 

Value. 

(Rupee- 2s.) 

From— 

1 

Gallons. 

£ 

Gallons. 

£ 

Borneo .... 

... 

... 

19,160,462 

1,017,638 

Persia .... 

8,193,438 

316,946 

11,986,669 

871,997 

Straits Settlements (in- i 

... 

... 

4,431,042 

232,917 

eluding Labuan). 

1 


United States of America 

13,674,616 

772,719 

38,636,385 

3,142,300 

Other Countries 

223 

16 

444 

66 

Total 

j 

1 21t768,176 

j U088M1 

74.213,992 

6^4,907 
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Table 20 .—Exports of Paraffin wax from India during 1918 and 

1919. 



1918. 

1919. 


Quantity. 

Value. 
(Rupee 
= ls. 4d.) 

Quantity. 

Value. 

(Rupee 

-2s.) 

To— 

Cwt. 

£ 

Cwt. 

£ 

United Kingdom . 

103,680 

167,099 

131,764 

290,639 

China .... 

12,592 

28,818 

44,300 

108,289 

Japan .... 

88,C20 

134,266 

129,308 

294,199 

Egypt .... 

46,959 

71,223 

21,909 

60,019 

Portuguese East Africa . 

61,200 

92,820 

11,280 

26,662 

United States of America 

14,000 

21,233 

32,800 

74,621 

Australia (including New 

61,441 

93,209 

48,569 

110,496 

Zealand). 

Other Countries 

120,560 

177,305 

112,549 

262,327 

Total 

508,952 

776,962 

632,419 

1,216,252 


Ruby, Sapphire and Spinel. 


There was a fall in the output of the Ruby Mines, from 164,115 
carats valued at Rs. 6,04,649 to 158,577 carats valued at Rs. 10,80,870. 


Table 21 .—Quantity and value of Ruby, Sapphire and Spinel produced 
in India during 1918 and 1919. 



191& 

1919. 


Quantity. 

Value. 

(Rupee— la. 4d.) 

Quantity. 

Value. 

(Rupee—2a.) 

Burtfuy^ 

Mogok 

Caiata. 

1,01,637 

(Rubies) 

34,949 

(SappBree) 

27,629 

(Spinels) 

Rs. 

6,17,367 

83,671 

3,711 

r 1 

£ 

34,491 

6,671 

248 

Carats. 

88,847 
(Rubies) 
47,286 
(Sapphires.) 
22,444 
(Spinels) 

Rs. 

8,74,343 

2,01,699 

4,828 

£ 

87,434 

20,170 

483 

Total . 

164,115 

6,04,649 

40,310 

158,577 

10,80,870 

108,087 
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The largo increase in the output of salt in the year 1918 was 
maintained in the year under review, the total approaching 2 million 
tons. The chief increase was one of 150,000 tons in Bombay and 
Sind. With the exception of Burma all other localities registered 
small decreases. Imports rose from 388,500 tons in 1918 to 481,700 
tons in the year under review, more than half of the total imports 
being from Egypt and Aden. 


Table 22. — Quantity and value of Salt produced in India during 

1978 and 1919. 



1918. 

j 1919. 


Quantity. 

Value. 

(Ru)>co Is. 4d) 

Quantity. 

Value. 

(Rupee—2«.) 


Tons. 

Rs. 

£ 

Tons 

Rs. 

£ 

Aden 

142,075 

14,78,063 

98,538 

127,591 

16,34,454 

163,445-4 

Bengal 

30 

682 

39 

10 

191 

16-1 

Bombay and Sind 

481,808 

65,92,462 

372,830 

630,481 

.50,23,066 

502,306-6 

Burma 

62,828 

51,60,774 

344,051 

74,492 

48,77,182 

487,718-2 

Centi al India 

5-3 

302 

21 


... 

• • • 

Gwalior Stiito 

312 

14,864 

991 

149 ^ 

7,080 

708 0 

Madras 

690,671 i 

92,92,362 I 

! 917,490 

6.62,308 

42,.')4,068 

425,406-8 

Northern India . 

572,668 , 

1 31,63,990 ' 

210,244 

505,864 

25,25,843 , 

252,584-3 

Hajputaiia 

299-4 

! 14,819 

1 

988 

1 _ _ 

273 1 

13,367 1 

1,336-7 

. 

Total 

1,856,696-7 

1 

24GJ7,925 1 

1.645,195 

1,891,138 

1,82,35,221 

1,823,522-1 


Table 23 —Quantity and value of Rock-Salt produced in India 
during 1918 and 1919. 



1918. 

1 

1919. 


Quantity. 

Value. 

(Rupee - Is. 4d) 

Quantity. 

1 

Value. 

(Rupee—25 ) 

1 

Salt Range 

Kohat 

Mandi 

Tons. 

169,497 

21,260 

5,085 

Rs. 

4,07,034 1 
37,215 
90,834 

£ 

27,136 

2,481 

6,0.)5 

Tons. 

174,598 

25,931 

4,800 

Rs. 

4,99,550 

53.060 

85,760 

£ 

49,955 

5,305 

8,575 

Total . 

185,842 

5,35,083 

35,672 

205,329 

i 

6,38,350 

63,835 


0 
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Table 24 .—Quantity and value of Salt imported into India during 

1918 and 1919. 


— 

1918. 

1919. 

Quantity. 

Value. 
(Rupee «« 
\8, 4d.) 

Quantity. 

Value. 

(Rupee 

2^.) 

From— 

Tons. 

£ 

Tons. 

£ 

United Kingdom 

19,233 

94,513 

85,017 

417,954 

Spain . . . 

38,305 

172,088 

53,707 

274,028 

Aden and Dependencies 

94,061 

385,602 

136,936 

639,219 

Egypt .... 

203,662 

821,832 

145,513 

693,720 

Italian East Africa 

33,085 

123,990 i 60,418 

282,328 

Other Countries 

213 

1,357 1 158 

1 

3,010 

Total 

388,559 

ly599,282 

481,749 

1 2,311,168 

1 


Saltpetre. 

There was a decided fall in the total production of saltpetre due 
chiefly to e decrease of 41 per cent, in the production of the United 
Provinces. The output of the Punjab fell by about 18J per cent, 
and that of Bihar by 20 per cent. The total Indian production 
ainounted to 17,550 tons valued at Rs. 47,12,474 (£471,247). Exports 
fell from 23,000 tons in 1918 to 17,000 tons in the year under review. 
The exports to the United Kingdom fell from 17,000 tons to 6,700 
tons, and those of the United States from 5,500 tons to 1,300 tons. 


Table 26. — Quantity and value of Saltpetre produced in India during 

1918 and 1919. 



1918. 

1919. 


Quantity. 

Value. 

(Rupee = 1«. 4d.) 

Quantity. 

Value. 

(Rupee =* 2.9.) 

1 

Bihar . . 

Central India 
Punjab 

Bajputana 

Province 

Tons. 

6,299*3 

26*2 

6,946*7 

246 

1 11^223*6 

Rs. 

23,13,103 

2,608 

19,84,066 

80,200 

44,56,808 

£ 

154,207 

180 

132,330 

5,358 

297,120 

Tons. 1 
5,044*4 1 
47*6 

6,661*8 i 
180 

6,616*2 

1 Rs. 

1 11,66,268 
; 4,185 

17,13,277 
46,006 
17,82,739 

£ 

116,627 

418 

171,328 

4,600 

178,274 

Total 

24.740*8 

88,37,856 

689,m , 

17,550 

47,12,474 

i 

471,247 
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Table 26 . — Distribution of SaUpedre exported during 1918 and 1919. 


— 

1918. 

1919. 

1 

Quantity. ' 

1 

Value. 
(Rupee = 

Is. 4d.) 

Quantity. 

Value. 
(Rupee == 
28.) 


Cwt. 1 

£ 1 

Cwt. 

£ 

Ceylon .... 



59,749 

76,044 

Japan ..... 

1 11,908 , 

14,775 

10,145 

20,733 

Mauritius and T)epondenci('s . 

1 *** 1 

... 

30,034 

58,463 

United Kingdom . 

1 337,828 

445,825 

133,898 

2.35,875 

United States of America 

110,007 j 

141,947 

25,896 

38,947 

Other Countries 

8,717 I 

1 

11,908 

75,192 

124,014 

Total 

j 468,580 1 

614,455 

344,414 

554^076 


Silver. 

The output of silver from Bawdin has already been shown 
under lead. In addition to this a small quantity, amounting to 
75.3 oz.. was produced from the Anantapur gold mine in Madras. 
The total Iiulian production of silver was 2,165,6(K)'7 oz., valued at 
Rs. 48,72,456 (£187,246). 


Tin. 

The output of tin-ore was nearly doubled rising from 15,607 cwt. 
in 1918 to 26,891 cwt. in the year under review. . The whole of the 
ore was prodticed in Lower Burma, nearly 38 per cent, of it in Tavoy, 
and 39 per cent, in the Southern Shan States. Mergui also produced 
2,700 cwt. of block tin. The imports of tin rose from 24,596 cwt. 
in 1918 to 41,860 cwt. in the year under review. By far the greater 
part of the tin imported came from the Straits Settlements. 



Table 27. —Quantity and value of Tin and Tin-ore for the years 1918 and 1919. 



Figures taken from Note on the Mineral Production of Burma for 1918 and 1919.” 
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Table 28. —Imports of Tin unwronght {blocks, ingots, bars and slabs) 
into India during 1918 and 1919. 



, 1918. 

1919. 


Quantity. 

Value. 

(Rupee— Is.id.) 

Quantity. 

Value. 

(Rupee = 2s.) 

From— 

Cwfc. 

£ 

Cwt. 

£ 

United Kingdom . 

Straits Sottlcmonts (in¬ 

289 

323,833 

.3,993 

323,860 

1,429 

39,574 

10,419 

706,392 

cluding Labuan). 

Other Countries 

474 

4,869 

857 

14,466 

Total 


332,722 

41,860 

731,277 


Tungsten. 

There was a decided decrease in the output of wolfram, which 
fell from 4,431 tons in 1918 to 3,577 tons in the year under review. 
As usual, most of the output came from Tavoy. 


Table 29. —Quantity and value of Tungsten-ore produced in India 

during 1918 and 1919. 




1918. 

! 


1919. 



Quantity. | 

j 

Value. 

(Rupee — 1«. id.) 

Quantity. | 

i 

Value. 

(Rupee == 2s.) 

Bihar and 

Tons. 

Rs. 

£ 

Tons. 

Rb. 

£ 

Orissa — 
Singhbhum 

2-5 

7,466 

498 

1-6 

3,867 

387 

Burma — 

Kyaukse 

•1 

260 

17 

•2 1 

100 

10 

Mergui* 

376-6 

7,87,369 

52,490 

194-4 , 

3,02,842 

30,284 

Southern Shan 

1 287 

6,24,225 

41,615 

397-6 

5,72,644 

57,254 

States. 

Tavoy* 

1 

3,636-1 

91,62,490 

610,833 

2,889-6 

44,15,722 

441,572 

Thaton . 

91-5 

2,04,945 

13,663 

48^1 

1,00,370 

10,037 

Raj'putana — 
h^mvar 

37-4 

1,13,479 

7,665 

45-5 

(a) 

... 

Total 

4 , 431*2 

1,09,00,213 

726,681 

3 , 576‘8 

53,95,446 

639.su 


* Figures taken from ** Note on the Mineral Production of Burma for 1918 and 1019.** 
(a) Mot available. 
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Ill.-MINBRALS OP OROUP II 


The production of alum rose from 1,322 cwt. in 1918 to 1,853 
cwt. valued at Rs. 48,000 (£4,800) in the year 
under review. The whole output came from 
the Mianwali district of the Punjab. 

The production of amber in Burma rose from 2*9 cwt. in 1918 
to 7*4 cwt. valued at Rs. 6,160 (£616) in the 

i\lTIDCr« ^ 

year under review. 

6*4 tons of antimony ore valued at Rs. 2,000 
An mon>. (£200) were produced in the Roiitliern Shau 

States during the year under review. The value represents the 
actual cost of extraction. There was also a production of 2 \hs. 
of antimony valued at Rs. 32 from the Jhelum District in the 
Punjab. 

The production of apatite from the apatite-magnetite deposits 
of Singhbhum fell from 5,100 tons in 1918 to 
Apa fe. 1939. The estimated value of the 

production was Rs. 5,000 (£500). 

There was a rise in the output of asbestos from 357 tons in 
1918 to 388 tons valued at Rs. 16,556 (£1,656) 
A C 8 08. under review. Of this 379 tons 

were won in the Hassan district of Mysore and 9 tons in the Bhan- 
dara district of the Central Provinces. 

2,590 tons of barytes valued at Rs. 15,615 (£1,561) wore pro¬ 
duced in the Karnul district of the Madras 
Presidency, against 2,724 tons in 1918. 

There was an increase of 490 tons in the output of bauxite, 
which amounted to 1,682 tons valued at 
aux e. 19,343 (£ 1 , 934 ). The whole output came 

from Jubbulpore. Important bauxite deposits have been recently 
discovered by Mr. C. S. Middlemiss in the neighbourhood of Chakar 
in the province of Jammu. The quantity available by quarrying 
at the surface has been estimated at over one million tons, the 
beds extending uninterruptedly for many miles. Patches of the 
same mineral were also observed by Sir Henry Hayden at Sangar. 
Anal}n 9 es of three specimens yielded 79*43, 67*03 and 59*56 per cent, 
of AI 2 O 3 and 1*32, 14*15 and 20*67 per cent, of SiOg respectively. 


Apatite. 


A8be8to8. 


Bauxite. 



Table ZO.— Production of Building Materials and Road M'etal in India during the year 1919. 
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The total estimated value of building-stone and road-metal 
produced during the year 1919 was 
Es. 43,61,833 (£436,183). 

The lecorded production of clay was 176,007 
tons valued at Rs. 4,99,603 (£49,960). 

The output of corundum amounted to 14,131 cwt. in the year 
under review, scarcely more than a third of 
what it was in 1918. 


Bnildins; Materials. 


Clay. 


Corundum. 


Table 31 .—Quantity and value of corundum produced during the 
years 1918 and 1919. 



1918. 

1919. 


Quantity. 

Value 

(Rupee 1*. 4d.) 

1 

Quantity. 

Value. 

(Rupee — 2a.) 

Assam — 

Cwt. 

Rs. 

£ 

Cwt. 

Rs. 

£ 

Khasi and 

Jaintia Hills. 

37,920 

67,930 

3,862 

12,660 

47,475 

4,747 

Central India — 







Bewah State . 

736 

3,022 

201 

1,471 

6,002 

600 

Central Pro¬ 

vinces —' 







Bhandara 

1,600 

490 

33 

... 

... 

... 

Hyderabad 

(a) 

• 38 

2 

... 

... 

... 

Madras — 







South Oanara 

25 

151 

10 

... 

... 

... 

Total . 

40,281 

61,631 

4.m 

14,131 

63,477 

5,347 


(a) Quantity not available. 


The production of gypsum shewed a marked increase, the total 
output being 28,318 tons valued at Rs. 28,692 
(£2,869), against 16,746 tons in 1918,. 


Gypsum. 
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Table 32.— Production of Gypsum during 1918 and 1919. 




1918. 



1919. 



Quantity. 

Value. 

(Rupee — 1*. 4d.) 

Quantity. 

Value. 
(Rupee — 

26.) 

Punjab — 

Jheltim . 
Rajjmtana — 
Bikanir 

Merwar 

Tons. 

1,871 

8,409 

6,400 

Bs. 

1,403 

11,576 

4,115 

£ 

93*5 

771*7 

274*3 

Tons. 

4,719 

14,32(5 

9,273 

Ra 1 

10,705 j 

12,030 

5,957 

£ 

1,070 

1,203 

596 

Total 

16,746 

j 17,094 

1,139 5 

28,318 

28,692 

2,869 


Only 41 cwt. of molybdenite, valued at Rs. 1,012 (£101) were 

„ , \\on durinn the year 1919; this amount was 

Molybdenite. i c u 

recovered m the course of \\olfrain mining 

operations in Tavoy. 

The output of ochre fell from 8,109 tons in 1918 to 2,701 tons 
valued at Rs. 35,998 (£3,600) in the year under 

Ochre. 

review. 


Table 33. —Production of Ochre during 1918 and 1919. 



1918. 

1919. 

1 


Quantity. 

Value. 

1 (Rupee — la 4d.) 

Quantity. 

Value. 

(Rupee = 28.) 


Tons. 

Rs. 

£ 

Tons. 

Rs. 

£ 

Bihar and Orissa 

145 

9,689 

639 

281-3 

18,807 

1,881 

Burma 

• • • 

... 

... 

4-6 

855 

85 

Central India 

7,874 

32,883 

2,192 

1,948 

9,737 

974 

Central Provinces 

16 

5 

... 

12 

3 

... 

Madras 

... 


... 

250 

1,500 

150 

Mysore 

74 

888 

59 

208 

5,096 

510 

Total 

8,109 

43,365 

2,890 

2 , 703*9 

35,998 
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83 tons of potash salts were produced by the Northern India 
Salt Revenue Department at Nurpur in the 
Salt Range. The pit’s-mouth value of the 
output is stated to be Rs. 422 (£42). 

During the year under consideration 100 tons 
of p 3 nrites were produced in Mysore. 

2| cwt. of samarskite valued at Rs. 101 were 
won from the Sankara mica mine in Nellore. 

The output of steatite was less than half what it was during 
1918, falling from 4,538 tons to 2,135 tons 
Steatite. ysAued at Rs. 64,986 (£6,498) in 1919. 


Potaih Salts. 


Pyritei. 


Samarskite. 


Table 34. — Quantity and value of Steatite produced in India daring 

1918 and 1919. 



1918. 

1919. 


Quantity. 

1 

1 Value. 

1 (Rupee — 1a. 4c/.) 

Quantity. 

Value. 

(Rupee - 28.) 


Tons. 

1 

1 lla. 

1 

£ 

Tons. 

Rs. 

£ 

Bihar and Orissa- 
Ma 3 airbhanj . 

40 

1 

1 

1 :j,500 

233 

45 

3,40e 

340 

Central Provinces- 
Jubbulporo 

3,492-8 

i 

61,038 

4,069 

1,452 

27,539 

3,764 

Madras — 

Bellary . 

1 

44-5 

1 

220 

15 

i 

... 

... 

Kamul . 

101 

1,650 

no 

4 

662 

66 

Nellore . 

61 

3,272 

218 

74 

4,762 

476 

Salem . 

»42-8 

13,630 

909 

450-6 

15,990 

1,599 

Mysore 

-1 

5 

... 

10 

163 

l6 

tJftiied Provincea- 
Hamirpur 

247 

31,661 

2,111 

95 

12,160 

1,216 

Jhansi • 

10 

650 

43 

4 

320 

32 

Total 

4.S3S’3 

hU,626 

7,708 

1 

2.134*6 

64,986 

6,498 
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IV.—MINERAL CONCESSIONS GRANTED. 


Table 35 .—Statemenl of Mineral Concessions granted during 1919. 

ASSAM. 


Distiikt. 

(Jiantce. 

Mineral. 

^'atlIri of 
Kraut. 

Aiea 
in acres. 

Date of 
eoninienee- 
inent. 

Term. 

Cachar 

(1) J.Dlair, K.sq. . 

Mineral oil • 

l\ L. 

114-3 

1 4th March 
1919. 

1 year. 

])o. 

(2) Till’ Burma Oil Coiii- 
jmiiy, Liiniti'd. 

Oil . 

1*. L. 

8,377-6 

15th Heptem- 
ber 1910. 

Do. 

Do. 

(:l) J. M. Barry, lisq. 

Oil and Coal 

r. L. 

934- 4 ‘ 

10th Novem¬ 
ber 1910. 

Do. 

Khu^i and 

JHint ill 
Dills. 

(4) The Khnsia Dills 
Brospi’ci inn «ii‘i Min- 
inji Sjndicato, lAd. . 

Minerals other 

than nilner.U oils. 

r. L. 

7,1424 

nth March 
1919. 

Do. 

Do. 

(5) Tiii’Uli'nnni-rolonrl D. 
1'. K. (lilman, V.D., 
J.1‘. 

Do. 

V. L. 

5,700 

iHth Vebru- 
ary 1910. 

Do. 

Lakhiinpur 

(6) The Asbaiu Oil Com¬ 
pany. 

1 Oil . 

P. 1.. 

10,240 

1st April 1919 

Do. 

Do. , 

(7) Do. 

, Do. . . 

V. L. 

2.080 

3rd July 1919 

Do. 

Do. . 

(R) 1)0. 

Do. 

M. I., 
(renewal.) 

2,560 

1st .lamiary 
1917. 

25 yean. 

Do. . 

(9) Do. 

1 Do. 

M. L. 
(renewal.) 

2,500 

Do. 

Do. 


BALUCHISTAN. 


Kalat 

(10) The Burmah Oil 
Co., Ltd. ot Kangoon. 

OU . . . 

! P. L. 

• 

24,960 

18th Deecm- ! 
bi’r 1018. 

1 year. 

Do. 

(11) The Indo-Bnrmah 
Petroleum Co. of Kan- 
goon through their 
Ageiita Meaan. Steel 
Bros. & Co. 

Do. . 

P. L. 


17,920 

20th May 

1919. 

Do. 

Do. 

(12) The Burmah Oil 
Co. of Kangoon. 

i Do. . 

P. L. 

• 

3,200 

Ist September 
1919. 

1 

Do. 

Zhob . 

(18) Manager, Balnchis- 
tan Chrome Co., Ltd. 

Chromite . 

P. L. 

• 

60 

let Septem¬ 
ber 1919. 

Do. 


P. Liemm. H. L.«jlfinifi(r Uoh. 
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BIHAR AND ORISSA. 


Dibtbioi. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in acrea. 

Date of 
comniencc- 
nient. 

Term. 

Hasaribagh 

(14) MC88IB. Uoarc Miller 
& Co. 

Mica . 

M.L. 

160 

4th February 
1919. 

30 years. 

Bo. . 

(15) ChhattooBazn 

Do. . 

P.L. 

117*89 

12th October 
1918. 

1 year. 

Do. . 

(10) B. N. Daw . 

Do. . 

P. L. 

200 

13th 
' 1919. 

31arch 

Do. 

Do. . 

(17) Dwijpndra Nath 
Mnkherji. 

Do. . 

P. L. 

58 

26th 

1919. 

Ajiril 

Do. 

Do. . 

(18) The Mica Mining 
and Manufacturing Co. 
Ltd. 

Do. . 

P. L. 

892 

nth 

1919. 

March 

Do. 

Do. . 

(19) N. N. Sumanto 

Do. 

P. L. 

400 

1 Iflth Fehrn- 
ury 1919. 

Do. 

Do. . 

(20) Babu l^obodh 

Chandra Mukharji. 

Do. . 

M.L. 

80 

20th 

1910. 

April 

30 years. 

Do. . 

(21) Babu P. C. Roy 

Do. . 

P.L. 

i 

80 

15th 

1919. 

June 

1 year. 

Do. . 

(22) Babu Kiran Shashi 
Chattarji. 

Do. . 

P.L. 

160 

4th 

mo. 

June 

Do. 

Do. 

(23) Babu Banka Bchari 
Choudhury. 

Do. . 

P.L. 

221 

28th 

1919. 

June 

Do. 

Do. . 

(24) Messrs. Jagarnath 
Roshan Lai. 

Do. . . . 1 

31. L. 

120 

23rd August 
1919. 

30 years. 

Sambalpur . 

(25) Seth Puranmal Mar- 
wari. 

Do. . . . I 

P.L. 

5,849'79 

28th August 
1019. 

1 year. 

Do. . 

(26) DebiProeadMisra . 

Coal . , 

P.L. 

2,376'99 

Do. 

. 

Do. 

Do. 

(27) Mr. T. P. Yeoman . 

Oxide of iron 

P.L. 

57 

22nd March 
1019. 

Do. 

Santal Par- 
ganaa. 

(28) Bhudbar Chandra 
De. 

Coal . 

M.L. 

•99 

1st 

1910. 

April 

2 years. 

Do. . 

(20) Do. 

Do. . 

M.L. 

•90 

Do. 


Do. 

Do. . 

(80) Do. 

Do. . 

M.L. 

1 

Do. 


Do. 

Do. . 

(81) Banal Bam Marwari 

Do. . 

M.L. 

•33 

Do. 


Do. 

Do. . 

(82) Do. 

Do. . 

M.L. 

1-9 

J)o. 


Do. 

Do. . 

(38) Jamuna Praaad 

Marwari. 

Do. . 

M.L. 

2*6 

Do. 


Do. 

Do . 

(84) Bhudhar Chandra 
De. 

Do. , 

M. L. 

3'9 

Do. 


Do. 

Do. . 

(85) Binode BlhariDe . 

Do. . 

M.L. 

2*15 

Do. 


Do. 

Do. 

(86) Jardine Skinner Sl 
Co. 

Do. . 

P.L. 

5,158*48 

Do. 


Do. 

Do. . 

(37) The VilUera Co., 
Ltd. 

Do. . 

P.L. 

5,081*26 

Do. 


1 year. 


V> L,»^PrQ8P9eting h%unH, V. Mining Jam. 
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District. 

Grantfe. 

Mineral 

Nature of 
grant. 

Area 
in acres. 

Date of 
commence¬ 
ment. 

Term. 

Rantal Far- 
KanaB. 

(38) Hhltal I’rushad 

Marwari. 

Coal . 

1 

M. L. 

1 

60 

iBt April 1919 

15 years. 

Do. . 

(.39) Dabu Madhab 

Chaiidru!)('. 

Do. . 

M. L. . ' 

1 

2 

1 

Ist July 1919 

1 year and 

9 months. 

Singhbhum 

(40) Mr. A. C. Moltra . 

Gold and galena 

?.L. 

(renewal.) 

' 1,830 

22nd August 
1918. 

' lyear. 

Do. 

(41) MeBBrK. lllrd A Co.. 

General liccnne 

P.L. 

26,240 

1st August 
1919. 

Do. 

Do. 

(42) Th«* liengal Iron 
and Co , btd. 

Manganese and 
iron ore 

P. L. 
(renewal.) 

992 

21st Decem¬ 
ber 1918. 

6 months. 

Do. . 

(43) Th(‘ Ibnpal Iron 
and Co., l.td. 

Iron on*. . 

V. L. 

512 

3rd July 1919 

1 year. 

Do. 

(44) Mossrh ll.\ ruin 
Fohtonjcc A Co. 

Do. 

P. L. 

1,798*4 

22nd Decem¬ 
ber 1919. 

Do. 

‘Do. . 

(45) Mr. A. C. Moitra . 

^ Gold and galena . 

P. L 

(renewal) j 

1,330 

22nd August 
1919. 

10 months. 


BOMBAY. 


Belgaurn . 

(46) Me.Hhrs Tata and 
Sous, l.td. 

Bauxite (Alumi¬ 
nium ore). 

P. h. 
(renewal) 

1,087*4 

24th May 
1919. 

2 years. 

Do. 

(47) 

Do. 

Do. 

P. B. 

797*5 

7th May 1919 

1 year. 

Do. 

(48) 

Do. 

Do. 

P. L. 

160 

Do. 

Do. 

Do. 

(49) 

Do. 

Do. 

P.L. 

249 6 

Do. 

Do. 

Do. 

(50) 

Do. 

Do. 

P, L, 

50*85 

Do. 

Do. 

Do. 

(51) 

Do. 

Do. 

P. L. . i 

377*57 

Do. 

Do. 

Kalra. 

(52) Khan Bahadur 

Moliniedalii Abdul 

Kudar. 

1 Manganese . 

P.L. 

79*82 

20th August 
1919. 

Do. 


BURMA. 


Akyab 

(63) Messrs. The Indo- Mineral oil . 
Burmuh Petroleum Co., 

Ltd. 1 

' P.L. 
(renewal.) 

1,280 

22nd April 
1919. 

2 years. 

Do. 

(54) Messrs. The Burmahi Do. 

Oil Co., Ltd. 1 j 

P.L. 

8,620 

17th Octobat 
1919. 

lyear. 


t. l.mfntfHUni Umn. JL Um, 
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Distbiot. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 

in acres. 

Date of 
commence¬ 
ment. 

Term. 

Amherst 

(fi6) Mr. Mirza Mahomed 
gladeq. 

All minerals (ex¬ 
cept oil). 

P. L. 

1,280 

8th February 
1919. 

1 year. 

Do. . 

(56) Saw Eu Hoke 

Do. 

P. L. 

42666 

27th Febru¬ 
ary 1919. 

Do. 

Do. . 

(67) Chew Whce Shain . 

Do. 

P.L. 

640 

15th Febru¬ 
ary 1919. 

Do. 

Do. . 

(58) Maung Choon 

Do. 

P.L. 

3,03616 

12th Febru¬ 
ary 1919. 

Do. 

Do. . 

1 (59) Maung ?o Thaing . 

Do. 

P. L. 

2,560 

15th Febru¬ 
ary 1919. 

Do. 

Do. . 

(CO) L. Htain Whet 

Do. 

P.L. 

2,560 

13th Febru¬ 
ary 1919. 

Do 

Do. . 

(61) Do. 

Do. 

P. L. 

06 

Do. 

Do. 

Do. . 

(62) Ma Shwe Bwa 

Do. 

P.L. 

960 

17th March 
1919. 

Do. 

Do. . 

(63) Maung Kyln Seln . 

Do. 

P. L. 

640 

l.Sth Janu¬ 
ary 1910. 

Do. 

Do. . 

(64) Mr. W. A. Henry . 

Do. 

P. L. 

1,020 

7th February 
1919. 

Do. 

Do. . 

(65) Mr. M. Shawloo 

Do. 

P.L. 

040 

21st Jauu- 
ar> 1019. 

Do. 

Do. . 

(66) L. Ah Choy . 

Do. 

P. L. 

280 

24th Febru¬ 
ary 1919. 

Do. 

Do. . 

(67) Maung Wan . 

Do. 

P.L. 

814 

17th Febru¬ 
ary 1919. 

Do. 

Do. . 

(68) Mr. V. Palmgren . 

Do. 

P. L. 

1,920 

20th J line 

1910. 

Do. 

Do. . 

(69) L. Ah Choy . 

Do. 

P, L. 

640 

8th May 1019 

Do. 

Do. . 

(70) U Tha Zan . 

Do. 

P.L. 

4,160 

7th May 1919 

Do. 

Do. . 

(71) Do. 

Do. 

P. L. 

1,280 

Do. 

Do. 

Do. . 

(72) Do. 

Do. 

P.L. 

512 

Do. 

Do. 

Do. . 

(73) Do. 

Do. 

P.L. 

338 

10th June 
1919. 

Do. 

Da. . 

(74) Mrs. M. M. Hla 
Oung. 

Do. 

P. L. 
(renewal.) 

040 

Oth Septem¬ 
ber 1017. 

2 years. 

Do. . 

(76) P. Murugasen Pillay 

Do. 

P.L. 

640 

5th August 
1919. 

1 year. 

Do. . 

(76) Mr. A. M. Morris . 

Do. 

P.L. 

320 

Do. 

Do. 

Do. . 

(77) Messrs. T. D. Find¬ 
lay & Son. 

Do. 

P.L. 

640 

Do. 

Do. 

Do. 

(78) Ifaung Po Thain|; . 

Do. . 1 P. L. , 

1 

640 

28th August 
1919. 

Do. 
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BUKMA— conid. 


District. 

(iran^pe. 

Mineral. 

Nature of 
grant. 

Area 

In aens. 

Date of 
eouimence- 
ment. 

Term. 

Amhont . 

(79) Dr. K. B. Kanga . 

All minerals (ex¬ 
cept oil). 

P. L. 

640 

5tn August 
1919. 

1 year 

Do. . 

(80) Maung San Win 

Do. 

P. L. 

640 

27th Septem¬ 
ber 1919. 

Do. 

Do. 

(81) MoBsrs. T. D. Find¬ 
lay ii Son. 

Do. 

P. L. 

640 

9th July 1919 

Do. 

Do. 

(82) Mn Two 

Do. 

P. L. 

1,920 ' 

27th Septem¬ 
ber 1919. 

Do. 

Do. . 

(8^1) Maung Myat Hein, 
Mr. Felix Boog. M. 11. 
Hainadane(' and M. A. 
Hosain. 

Do. 

P. L. 

(renew’al) 

640 

23rd April 
1919. 

Do. 

Do. . 

(84) Mra. M. M. Hla 
Oung. 

Do. 

P. L. 

(renewal.) 

850 

20th May 

1919. 

Do. 

Do. . 

(85) Ma Tholn Nwo 

Do. 

P. L. 
(renewal.) 

1,280 

3rd May 1919 

Do. 

Do. 

(80) Dr. M. Sha\\loo 

Do. 

P. L. 
(renewal.) 

f40 

12th Juli 
1919. 

Do. 

Do. , 

(87) Mu Thin Hlaing 

Do. 

P. 1.. 

(>40 

8th Decern- 
tier 1919. 

Do. 

Do. 

(88) Maung San Win 

Do. 

P. L. 

(40 

27th Novem- 
l)er 1919. 

Do. 

Do. 

(89) Dr.M. Shauloo . 

DO. 

P. L. 

ICO 

22nd Novem¬ 
ber 1919. 

Da 

Do. . 

(90) Maung TaraK and 
Maung Ou Maung. 

Do. 

P. L. 

960 

13th Novem- 
j her 1919. 

Do. 

Do. . 

(91) Maung Sam Maung 

1 andMaK.VMe. 

Do. 

P. 1.. 

1,824 

Do. 

Do. 

Do. . 

(92) L Ah Ngoon 

Do. 

P. 1.. 

320 

Do. 

Do. 

Do. 

1 (911) Mr F A. lioog and 
j two others. 

Do. 

P. L. 
(renewal.) 

' 737*28 

Ist August 
1919. 

Do. 

Do. . 

1 (94) Mr, F A. Boog and 
! three ot In rs. 

Do. 

P.L. 

(renewal.) 

213*33 

I 

14th Novem¬ 
ber 1919. 

Do. 

Do. . 

(95) Do. 

Do. 

P.L. 

(renewal.) 

128 

13th Decem¬ 
ber 1919. 

Do. 

Do. . 

(96) K.P.N.K. Narainan 
(’hetty. 

Do. 

P. L. 
(renew’al.) 

> 640 

1 

Do. 

Do. 

Bhamo 

(97) D. A. Ahuja 

Do. 

P.L. 

1 5.516*8 

1 

28th Novem¬ 
ber 1919. 

Do. 

Do. 

(98) Measra. The Tavoy 
Tin Syndicate, Ltd. 

All minerals (ex¬ 
cept oil and jade). 

P.L. 

' 6,400 

1 

22nd Decem¬ 
ber 1919. 

Do. 

Hemada . 

(99) Mr. L. D’Attaidea 

All minerals (ex¬ 
cept oil). 

P. L. 
(renew’al.) 

! 4,736 

1 

1 

11th May 
1919. 

2 yean. 

Do. 

(100) Do. 

Do. 

P. L, 
(renewal.) 

499*52 

1 

1 

30th May 

1919. 

Do. 


4*. L,mmPnfputin^ 
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Dibtriot. 

Grantee. 

Mineral. 

Nature of 
grant. 

Aron 
in acres. 

Date of 
commence¬ 
ment. 

Term. 

Hensada . 

(101) Maung Kyi . 

All minerals (e.x- 
cept oil). 

P. L. 

392-50 

19th Novem¬ 
ber 1019. 

1 year. 

Katha 

(102)MPH8r8. Jamal Bros. 
&Co. 

Do. 

P. L. 

23,040 

2nd Decem¬ 
ber 1918. 

J 0 

Do. 

(103) The ITon’ble Mr. 
Lim Chin Tseng. 

Do. 

P Ia 

2,.572-8 

20th August 
1019. 

Do. 

Do. 

(104) Do. 

Do. 

P. L. 

4,867-6 

8th Septem¬ 
ber 1919. 

Do. 

Do. 

(106) Do. 

Do. 

P. L. 

5,700 

11th Septem¬ 
ber 1919. 

Do. 

Do. 

(IOC) Manng Aimg 

Gold . 

P.L. 

(renewal.) 

2,752 

9th January 
1019. 

2 years. 

Do. 

(107) Mr. E. E. Smith . 

All minerals (ex¬ 
cept oil). 

P. L. 
(renewal.) 

3,200 

loth April 
1019. 

1 year. 

Do. 

(108) Mr. J. A. Begbei . 

Do. 

P. L. 
(renewal.) 

3,200 

13th August 
1919. 

Do. 

Do. 

(109) Mr. J. F. Crisp . 

Do. 

P. L. 

3,200 

20th Decem¬ 
ber 1910. 

Do. 

DO. 

(110) The Hon’ble Mr. 
Lim Chin Tsong. 

Do. 

P. L. 

1,171-20 

12th Dec<‘m- 
ber 1010. 

Do. 

Do. 

(Ill) Mr. T. Ba Thwiu . 

All mineralfe (ex¬ 
cept oil and 
jade). 

P. L. 

3,392 

121h No\ em¬ 
ber 1910. 

Do. 

Do. 

(112) Mr. Lim Kar 
Chang. 

All minerals (ex¬ 
cept oil). 

P.L. 

( 

3,200 

20th Decem¬ 
ber 1019. 

Do. 

E 3 raiikpyii. 

(113) U Doe Kaing 

Mim'ral oil . 

P.L. .| 

040 

20th Deo’m- 
ber 1018. 

Do. 

Kyaukie . 

(114) Maung Ko . 

All minerals (ex¬ 
cept oil). 

P.L. . 1 

1 

1,050-32 

2n(l August 
1019. 

Do. 

Magwe 

(115) Messrs. The Burma 
on Co., Ltd. 

Mineral OU. 

P.L. 

1 

3,840 

23r(l March 
1019. 

2 years. 

Do. 

(116) Mr. Sassoon Solo¬ 
mon. 

Do. 

P. L. . ' 

(renewal). 

208']0 

21 st Fehruarv 
1019. 

1 year. 

Do. 

(117) Messrs. The Union 
Ou Co. of Burma, Ltd. 

Do. 

P.L. 

20,480 

28th October 
1019. 

Do. 

Do. 

(118) Messre.The Burmah 
Oil Co., Ltd. 

Do. 

P. L. 
(renewal). 

2,259*2 

lOtli Decem¬ 
ber 1919. 

2 years. 

Maadday 

(119) Mr.M.G.H.Surty 

Silver and lead . 

P.L. 

2,356*2 

28th March 
1919. 

1 year. 

BCergui 

(120) Saw Lein Lee 

Wolfram and tin . 

M.L. 

640*98 

25th Feb¬ 
ruary 1916. 

30 5 *ears. 

Do. 

(121) Maung Ne Gyl 

All minerals 

(except oU). 

M.L. 

883*13 

22nd June 
1916. 

Do. 

Do. 

(122) Mr.D.D.Mu]feijee 

Tin and Wolfram 

P.L. 

194*66 

16th Decem¬ 
ber 1918. 

1 year. 


P. L.s^frotptchng UetMt. V. 'L.^Mining Ltan* 
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PISTRIOT. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 

In acres. 

Date of 
commence¬ 
ment. 

Term. 

Mergui 

(12H) Mr. Chan EUiam . 

Ail minerals 

(except oil). 

P. L. 

1,126*40 

27th Feb- 

ruory 1919. 

1 year. 

Do. 

(124) Do. . 

Do. 

P.L. 

1,141*76 

Do. 

Do. 

Do. 

(125) Miss S. M. G. Penny 

Do. 

P. L. 

3,527*68 

25th March 
1919. 

Do. 

Do. 

(120) Tan Po Chit 

Tin and Wolfram 

P. L. 

1,176*64 

6th January 
1919. 

Do. 

Do. 

(127) Maung Pc Kin 

Tin, Wolfram and 
allied minerals. 

P.L. 

789*48 

5th February 
1919. 

Do. 

Do. 

(128) Maung Kyin Bu . 

Tin . 

P.L. 

409*60 

Do. 

Do. 

Do. 

(129) Mr. G. U. Hand . 

Tin. gold and 
allied minerals. 

P. L. 

1,720*32 

31st March 
1919. 

Do. 

Do. 

(l.'iO) MauiigSanMoe . 

Till and Wolfram 

P. L. 

286*72 

24 th Feb- 

ruarj’ 1919. 

Do. 

Do. 

(131) Maung Po . 

Tin . 

P. L. 

547*84 

31st March 
1919. 

Do. 

Do. 

(132) Yew 8hwe Ni 

All minerals 

(except oil). 

P.L. 

(renewal). 

1,449 

29tb January 
1919. 

6 months. 

Do. 

(133) Maung Kyin Bu . 

Tin . 

P. L. 

(renewal). 

349*44 

5th February 
1910. 

1 year. 

Do. 

(134) Maung Po Thaik . 

Tin and Wolfram 

P. L. 

(renewal). 

486*4 

13th Februarj* 
1919. 

I Do. 

Do. 

(135) Maung Pc Kin 

1 Wolfram, tin and 
allied minerals. 

P.L. . 

(renewal). 

250*88 

5th February 
1919. 

Do. 

Do. 

(130) Maung Po • 

Do. 

P. L. 

(renewal). 

250 

24th Decem¬ 
ber 1918. 

Do. 

Do. 

(137) Mr. J. F. LcBlie . 

Wolfram and 

allied minerals. 

! P. L. 
(renewal). 

220*10 

2lBt Feb- 

niarj* 1919. 

Do. 

Do. 

j (138) Do. . 

Do. 

P. L. 
(renewal). 

512 

26th Feb¬ 
ruary 1919. 

Do. 

Do. 

(139) Mr. A. 8. Mahomed 

All minerals (ex¬ 
cept oil). 

P. L. 
(renewal). 

1.013*70 

5th January 
1919. 

Do. 

Do. 

(140) Ma Shwe Ma and 
Hoe Cheng Kiat. 

W olfram and tin 

M. L. 

167*35 

3rd December 
1915. 

30 years. 

Do. 

(141) Mr. D. D. Mukerjee 

All minerals (ex¬ 
cept oil). 

P.L. 

2,304 

19th March 
1919. 

1 year. 

Do. 

(142) Urn Shoin . 

Do. 

P.L. 

778*24 

80th July 
1919. 

Do. 

Dc. • 

(143) Messrs. Wightman 
& Co. 

Tin . 

P.L. 

3,114*02 

Ist January 
1919. 

Do. 

Do. 

(144) Mr. A. M. G. Forbes 

Do. • • 

P.L. 

988*10 

2l8t August 
1919. 

Do. 

Do. 

(145) Lim Bhaln . 

All minerals (ex¬ 
cept oil). 

P.L. 

065*60 

Slst July 

1919. 

Do. 
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Dxbtrioi. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Dat-o of 
commence¬ 
ment. 

Term. 

Mergni 

(146) Mr. A. H. Noyes . 

Wolfram and tin 

P.L. 

640 

19th March 
1919. 

1 year. 

Bo. 

(147) Messrs. The Ban- 
| 0 on Wolfram Co., 

All minerals (ex¬ 
cept oil). 

P.L. 

1,469‘2 

20th August 
1919. 

Do. 

Do. 

(148) Mr. Charles Ellis . 

Tin . 

P.L. 

701*44 

5th May 1919 

Do. 

Do. 

(149) Mr. M. E. Bymeah 

All minerals (ex¬ 
cept oil). 

P.L. 

317*44 

12t1i August 
1919. 

Do. 

Do. 

(150) Mr.Low Boon Teck 

Do. 

P. L. 

890*88 

30th July 

1919. 

Do. 

Do. 

(161) Mr. A. H. Noyes . 

Wolfram and tin . 

P.L. 

2,739*20 

Ist August 
1919. 

Do. 

Do. 

(152) Mr. S. Crawshaw . 

All minerals (ex¬ 
cept oil). 

P. L. 

640 

26th Septem¬ 
ber 1919. 

Do. 

Do. 

(153) TJShwcI. . 

Wolfram and tin . 

P.L. 

271*36 

25th July 
1919. 

Do. 

Do. 

(154) Mating San Dun . 

All minerals (ex¬ 
cept oil). 

P.L. 

343*04 

Do. 

Do. 

Do. • 

(156) Mr. T. Greenhow . 

Wolfram and tin . 

P. L. 

1,463 

29th July 

1919. 

Do. 

Do. 

(166) Maung Eya Tun . 

All minerals (ex¬ 
cept oil). 

P.L. 

640 

26th Septem- 
lH*r 1919. 

Do. 

Do. 

(167) y Gwan Swee 

Tin and wolfram . 

P.L. 

112*64 

30th August 
1919. 

Do. 

Do. 

(158) Mr.A.M. G. Forbes 

Tin . 

P.L. 

640 

21st August 
1919. 

Do. 

Do. 

(169) Mr. 8. V. Norris . 

Do. 

P.L. 

2,560 

3l8t August 
1919. 

Do. 

Do. • 

(160) Mr. L. A. Maing . 

All minerals (ex¬ 
cept oil). 

P.L. 

1,971*20 

.30 th July 

1919. 

Do. 

Do. 

(l^Mr. Hoc Cheng 

Do. 

P.L. 

604*16 

Do. . 

Do. 

DO. 

(162) Messrs. Marshall 
Cotterell & Co., Ltd. 

Do. 

P.L. 

1,530*88 

30th Septem¬ 
ber 1919. 

Do. 

Do. 

(168) Mr. G. E. Hand . 

Wolfram and tin . 

P.L. 

(renewal). 

2,160*40 

Ist Novem¬ 
ber 1918. 

Do. 

Do. 

(164) The Hlaygadaung 
Conoeislon. 

All minerals (ex¬ 
cept oil). 

P.L. 

(renewal). 

3,200 

19th Decem¬ 
ber 1918. 

Do. 

Do. 

(165) Maung Fan On . 

Do. . . 1 

P. L. 
(renewal). 

153*60 

20th March 
1919. 

Do. 

Do. 

(166) Mr.M.Haniff . 

Do. • . 

P.L. 

(renewal). 

350*72 

25th March 
1919. 

Do. 

Do. 

(167) Meam. Bulloch 
Broi. & Co., Ltd. 

Do. 

P.L. 

(renewal). 

442*88 

8rd January 
1919. 

Do. 


F. t>^Proip«ding UmH» 
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District. 

Grantor. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Date of 
eonimenee- 
ment. 

Term. 

Moigni 

(1C8) Yew Shwo Ni 

W(»lfram and tin . 

P. L. 
(renewal). 

1,775-62 

20th April 
1919. 

1 year. 

Do. 

(100) Lini Shain . 

Do. 

P. L. 
(renewal). 

256-00 

20th May 

1919. 

Do. 

Do. 

(170) Mr. M. llaniff . 

All minerals (ex- 
eopt oil). 

P. L. 
(renewal). 

1,0.54-72 

30th Julv 
1019. 

Do. 

Do. 

(171) Llm Shain . 

Wolfram and tin . 

P.L. 

(renewal). 

517*12 

loth August 
1919. 

Do. 

Do. 

(172) Do. 

All minerals (ex¬ 
cept oil). 

P.L. 

(renewal). 

450*56 

Do. 

Do. 

Do. 

(173) Do. 

W’olfram and tin . 

P.L. 

(renewal). 

517*30 

Do. 

Do. 

Do. 

(174) Do. 

Do. 

P.L. 

(renewal). 

404*48 

Do. 

Do. 

Do. 

(175) Mr. A. D. Keith 

Do. 

P. L. 

1,344 

29th July 

1919. 

Do. 

Do. 

(170) Mr. F. Fitzherhert 

Do. 

P. L. 

460*80 

4th October 
1919. 

Do. 

Do. 

(177) MoROTft. The TnOo- 
Jitirnin Tin Corpora¬ 
tion, Kt<l. 

Tin . 

P. L. 

148*48 

25th Novem¬ 
ber 1919. 

Do. 

Do. 

(17H) Mr. S. fYaw.shaw , 

All mineral.^ (ex- 
c(’pt oil). 

P. L. 

3,104*88 

30th Novem¬ 
ber 1919. 

Do. 

Do. 

(170) MaungPo . 

Do. 

P. L. 

793 

29th October 
1919. 

1 Do. 

Do. 

(180) Marshall 

Cot ten h iV Co. 

Do. 

P. L. 

916*48 

28th October 
1919. 

Do. 

Do. 

(181) Mr. W. H. Olivant 

Do. 

P.L. 

665*60 

25th October 
1919. 

Do. 

Do. 

(182) Lini Shain . 

Do. 

P. L. 

476*16 

Ist Novem¬ 
ber 1910. 

Do. 

Do. 

(18.3) Mepprp. Wightnian 

A Co., I.td. 

Tin . 

P. L. 

800 

Bth Decem¬ 
ber 1919. 

Do. 

Do. 

(184) M» hsr». Marshall 
Cotton U & Co., Lt<l. 

All minerals (ex¬ 
cept oil). 

P. L. 

2,362*88 

10th Novem¬ 
ber 1019. 

Do. 

Do. 

(185) Mesarp. WiKhtinnn 
& Co., Ltd. 

Tin . 

P. L. 

10 

8th Novem¬ 
ber 1919. 

Do. 

Do. 

(186) Mating To . 

All minerals (ex- 
ce])! oil). 

P.L. 

665*60 

4th Decem¬ 
ber 1919. 

Do. 

Do. 

(187) Mr. n. G. Mathews 

Wolfram and tin . 

P.L. 

2,530*52 

12th Decem¬ 
ber 1919. 

Do. 

Do. 

(188) Mr. Mahomed 

Esoof Bhymeah. 

All minerals (ex¬ 
cept oil). 

P.L. 

414*72 

lat December 
1019. 

Do. 

Do. 

(189) Mr. 0. F. Misqwlth 

Do. , . 

P. L, 

1,587*20 

27th Novem- 
1 berlOlO. 

Do. 


d2 


P. ht"^Pro»perting Lieente. 




194 


Records of the Geological Survey of India, 
BURMA.—conld. 


[Voi,. LI 


Dimior. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Date of 
commenoe- 
iiicnt. 

Term. 

Vtnnii 


(190) Mr .Thomas Green- 
how. 

Tin . . . 

P. L. 

601*70 

9th December 
1919. 

1 year. 

Da 


(191) C. Po Kun . 

All minerals (ex¬ 
cept oil). 

P.L. 

977*92 

17th Decem¬ 
ber 1919. 

Do. 

Do. 

’ 

(102) Messrs. Wightman 
& Co., Ltd. 

Coal . 

P.L. 

400 

5th December 
1919. 

Do. 

Do. 

. 

(193) Do. 

Tin . 

P.L. 

168*72 

9th December 
1919. 

Do. 

Do. 


(194) Messrs. The 

Hpaungdaw Prospec¬ 
ting Co., Ltd. 

All minerals (ex¬ 
cept oil). 

P.L. 

(renewal). 

1,409*60 

30th J\Uy 
1919. 

Do. 

Do. 


(196) Do. . 

Do. 

P.L. 

(renewal). 

1,970*62 

Do. 

Do. 

Do. 


(19«) Mr.W. H. Olivant 

Tin and tunpten 
ores. 

P.L. 

(renewal). 

617*12 

27th Beptem- 
ber 1919. 

Do. 

Do. 

• 

(197) Messrs. The Ran¬ 
goon Wolfram Co., 
Ltd. 

All minerals (ex¬ 
cept oil). 

P.L. 

(renewal). 

1,203*20 

9th Septem¬ 
ber 1919. 

Do. 

Da 

• 

(198) Mr. H. H. Bateman 

Wolfram and tin . 

P.L. 

(renewal). 

1,824 

17th Septem¬ 
ber 1919. 

Do. 

Do. 

• 

(199) Do. . 

Wolfram . 

P. L. 
(renewal). 

640 

27th Septem- 
bi*r 1919a 

Do. 

1 

Do. 


(200) Do. . 

Wolfram and tin. 

P.L. 

(renewal). 

480 

Do. 

Do. 

1 

Do. 


(201) Ho Cheng Klat . 

All minerals (ex¬ 
cept oil). 

P.L. 

(renewal). 

688*80 

14th Novem¬ 
ber 1919. 

Do. 

Do. 

• 

(202) Maung Ghoon 

Do. 

P.L. 

(renewal). 

26*37 

22nd Novem¬ 
ber 1919. 

Do. 

Do. 

• 

(203) Messrs. The Mergni 
Tin Dredging Co., Ltd. 

Tin and wolfram . 

P. L. 
(renewal). 

2,160*40 

Ist Novem- : 
ber 1919 

Do. 

•film 

• 

(204) Mr. Esmail Esoof 
EsmaU. 

Mineral oU . 

iP.L. . 

320 

8th Februory 1 
1919. ! 

Do. 

Do. 

• { 

I 

(206) Manng Tnn Anng 
Gyaw. 

Coal . 

P. L. 

020 

28th January 
1919. 

Do. 

Do. 

• 

(206) Yeo Eng Byan 

Do. 

P. L. 

1,542 

Do. 

Do. 

Do. 

• 

(207) Mr, Mahomed 

Oolam Hussein Surty. 

Do. 

P. L. 

4,867*6 

Do. 

Do. 

Do. 

• 

(208) Messrs. The Bom- 
i hay-Burma Trading 
Coh>oration, Ltd. 

Mineral oil 

P.L. 

(renewal). 

336 

12th Novem¬ 
ber 1018. 

2 years. 

Do. 


(209) Messrs. The Yomah 
on Co., Ltd. 

Coal . 

P.L. 

480 

Ist April 

1019. 

lyeai. 

Do. 

• 

(210) Maung Tun Aung 
Oyaw. 

Do. 

P. L. 

1,280 

Do. 

Do. 

Da 

• 

(211) Maung BaThl 

Do. . 

P.L. 

2,660 

2nd May 1010 

Do. 


V* Umm* 
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District. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Date of 
commence* 
ment. 

Term. 

Minbu 

(212) Maimg Da Thi . 

Coal 

P.L. 

620 

2nd May 1610 

lyear. 

Do. 

(218) Messrs. The Yomah 
OU Co., Ltd. 

Mineral oil . 

P.L. 

2,570-24 
Blocks 4F,8P, 
12P,24P, and 
part of IIP 
of the Minbu 
OU Field. 

11th AprU 
1010. 

Do. 

Do. 

(214) Motwrb. The Indo- 
Durnia retroloum Co., 
Ltd. 

Do. . 

P.L. 

(renewal). 

1,602 

12th January 
1019. 

2 years. 

Do. 

(215) Mauug Thu Yu . 

Coal . 

P. L. 

640 

11th August 
1010. 

1 year. 

Do. 

(210) ]M. E- Lhyiui'uh 

Co. 

Mineral oil. 

P.L. 

320 

(Western half 
of block I. S. 
in the Minbu 
OU Field.) 

21st August 
1019. 

Do. 

Do. 

(217) Yco Eng Dyau 

Coal . 

P.L. 

1,432 

28 th May 

1910. 

Do. 

Do. 

(218) Mauug Tun Aung 
Gyaw. 

Do. . 

P.L. 

(renewal). 

640 

4th AprU 

1910. 

2 years. 

Myiiigyan , 

(210) Alauiig Hinon and 
Maung Tlun. 

Mineral oil . 

P. L. 

400 

2nd June 1010 

1 year. 

Do. 

(220) Mr. Balj Nath 
Singh. 

1)0. . 

P.L. 

(renewal). 

11,807 6 

27th August 
1019. 

2 years. 

Do. 

(221) McBHrs. The Burma 
Oil Co., Ltd. 

Do. 

P. L. 
(renewal). 

1,280 

7th May 1910 

Do. 

Do. 

(222) Messrs. The Union 
Oil Co., of Burma, 
Ltd. 

Do. 

P. L. 

6.72U 

17th Septem¬ 
ber 1019. 

1 year. 

Do. 

(223) Maung Tha Ya . 

All minerals 

P.L. 

167-75 

18th Novem¬ 
ber 1010. 

Do. 

Do. 

(224) Maung Kyi . 

Mineral oil . 

P.L. 

31-50 

14th Novem¬ 
ber 1010. 

Do. 

Myitkyina . 

(225) Mr. K. C. J. 
Swiuhoe. 

Silver and copper 

P.L. 

640 

2Dd January 
1019. 

Do. 

Do. 

(226) Mr. H. F. Leslie . 

Gold and platinum 

P.L. 

2,031-20 

15th Janu¬ 
ary 1910. 

Do. 

Do. 

(227) Messrs. The Burma 
Gold Dredging & Co., 
Ltd. 

Gold and irldlo 
platinum 

P.L. 

3,200 

Srd February 
1019. 

Do. 

Do. 

(228) Mr. H. F. Leslie . 

Gold . 

P.L. 

640 

2nd January 
1910. 

Do. 

Do. 

(229) Mr. A. J. Beale . 

All minerals (ex* 
cept oil). 

P.L. 

4,851*20 

0th Decem¬ 
ber 1910. 

Do. 

Pakokku • 

(230) Messrs. Balthasar 
and Son. 

Mineral oil . 

P.L. 

640 

0th May 

1910. 

Do. 


P. L,m»Proiptcting LUtnn, 
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District. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Date, of 
eoiniiieiice- 
ment. 

Term. 

Pakokku . 

(231) Messrs. Balthasar 

Mineral oil . 

P. L. 

1,280 

9th May 1919 

1 year. 


and Son. 



Do. 

(232) Messrs. The British 

Do. . 

M. L. 

1,280 

5th May 

30 years. 


Burma Petroleum Co., 
Ltd. 



1919. 



Do. 

(233) Do. . 

Do. . 

P. L. 

000 

10th May 

1 year. 






1919. 


Do. 

(234) Messrs. The Run- 

Do. . 

P. L. 

1,068-8 

19th May 

1)0. 


goon Oil Co., Ltd. 



1919. 


Do. 

(235) Do. . 

Do. . 

P. L. 

021 

Do. 

1)0. 

Pakokku 

(230) M. J. C. Galstaun 

All minerals (ex- . 

P. L. 

3,840 

91 h Septem- 

Do. 

HiU Tracta. 


cept oil). 

(renewal). 

ber 1919. 


Promc 

(237) Ma Nyelu Hla . 

Mineral oil . 

P. L. 

123 

25th August 

Do. 






1919. 


Do. 

(238) Esoof Abdul 

Coal . 

P. L. 

2.608*8 

2iul Decent- 

Do. 


Shakoor Bros. 



ber 1919. 


Do. 

(239) Mating Pc Tok and 

Mineral oil . 

J’.L. 

320 

2Mlt OeUib'.r 

Do. 


Maung MyutTbin. 


(renewal;. 


1919. 


Euoy Mines 

(240) Ko Ko Gyi . 

All mitieralh (ex* 

P. L. 

7,080 

23r(l J um 

1)0. 



cept oil). 



1919. 


Do. 

(241) Ma Shwe Bwin 

Copper ore . 

P. L. 

610 

14tli May 

1)0. 



(renew.al). 


1919. 


Do. 

(242) Messrs. Baitliazar 

All minerals (ex¬ 

P. L. 

2,500 

91 h August 

Do. 


A: Son. 

cept oil). 


I 1919. 


Do. 

(243) Mr. S. S. llalkar . 

Mica . 

P. T.. 

41 

21st June 

Do. 




(renewal). ! 


1 1910. 


Salween 

(244) Mr. B. U. llardingc 

All minerals (ex¬ 

P. L. 

1,920 

12th March 

Do. 



cept oil). 


1910. 


Do. 

(245) Mr. S. Crav'shaw . 

Do. . 

IM.. .j 

3,220 

Do. 

Do. 

Shwebo 

(240) Mr. Y. A. Canny . 

Do. . 

P.L. 

200 

IStli .Tnnu- 
ary 1919. 

Do. 

Do. 

(247) Messrs. The Burma 

Mineral oil . 

P. L. 

7,040 

27th Sei»trni- 

Do. 


OU Co., Ltd. 



ber 1919. 


Do. 

(248) Messrs. The Indo- 

Do. . 

P.L. 

1,280 

20th Novem¬ 

2 years. 


Burma Petroleum ('o., 
Ltd. 


(renewal). 

ber 1919. 



Southern 

(240) Mauog San Hein . 

Lead 

P.L. 

1,280 

171 h Peb- 

1 year. 

Shan 

States. 





ruary 1919. 


Do. 

(250) Mr. M. A. S. Jamal 

All minerals (ex¬ 

P.L. 

3,.520 

IRth Janu¬ 

Do. 


cept oil). 



ary 1010. 

Do. 

<251) Maung Ba Cho . 

Do. . 

P.L. 

040 

10th Feb¬ 
ruary 1019. 

Do. 

Do. c 

(262) Maung Kya Ywet 

Do. . 

P. L. 

640 

12th Septem¬ 

Do. 




(renewal). 


ber 1018. 


Do. 

(253) Sawbwa of Etag- 

Gold . 

P. L. 

1,440 

27th Decem¬ 

Do. 


timg. 


(renewal). 

ber 1918. 



P. L.mPr§tp§eHng Lieinte. ii* Mining Utue, 
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District. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

1 Date of 

1 commence- 
1 nient. 

Term. 

Southern 

Hhan 

Htates. 

Do. 


(254) Sawb^ia of £dng- 
tfing. 

Gold . 

P. L. 
(renewal). 

1,920 

27th Decem¬ 
ber 1918. 

1 year. 

• 

(255) Mr. W. H. Cowling 

Do. . 

P. L. 

10,560 

27th June 
1919. 

Do. 

Do. 

• 

(250) Ma Jfgwc Xyun . 

Do. 

P.L. 

640 

13th June 
1919. 

Do. 

Do. 


(257) Mr. S. K. Solomon 

Antimony and 
assof luted min¬ 
erals. 

IM. . 

640 

28th June 
1919. 

Do. 

1)0. 


(258) MauncKyaYwet 

Lead and silver . 

M. L. 
(renewal). 

2*1 

1st Septem- 
Ut 1917. 

5 years. 

1)0. 


(250) Ma Chit Su . 

All mincralb (ex- 
apt oil). 

P. L. 
(renewal). 

640 

9th October 
1918. 

2 years. 

Do. 


(200) Suw 1 ein Ia'c 

Do. . 

P.L. 

599 

5th Septem¬ 
ber 1919. 

1 year. 

Do. 


(201) Maung '1 un Muung 

Do. 

1*. L. 
(renewal). 

020 

14th June 
1019. 

Do. 

Do. 


(202) Mr. W. II. Cowling 

Do. . 

P.L. 

2.880 

10th Decem¬ 
ber 1919. 

Do. 

Tavoy 


(20'J) Ong Hoc Kyln 

Do. 

P. L. 

845 

3rd March 
1919. 

Do. 

Do. 


(204) Tavoy Tin Syndi¬ 
cate . 

Do. , 

P. L. . 1 

1 

2,099 

81h January 
1919. 

Do. 

Do. 


(205) Do. . 

Do. . 

P.L. . ! 

1,782 

Do. 

Do. 

Do. 


(200) Messrs. Tata Sons, 
Ltd. 

Do. 

P. L. . 1 

584 

8th February 

I 1919. 

Do. 

Do. 


(267) aiming Ba Oh 

Do. 

P. L. 

274 

13th Janu¬ 
ary 1919. 

6 months. 

Do. 


(208) Mr. H. a. Mathews 

Do. 

P. L. 

937 

Ist February 
1919. 

Do. 

Do. 


(20U) Muung Tun . 

Do. . 

P.L. 

422 

18th Novem¬ 
ber 1918. 

1 year. 

Do. 

' 

(270) Mr. C. Bradon 

Do. . 

P.L. 

2,768 

3rd January 
1919. 

6 months. 

Do. 


(271) Do. 

Do. . 

P. L. 

4,137 

Do. 

Do. 

Do. 


(272) Do. 

Do. . 

P, L. 

150 

28th March 
1919. 

lycar. 

Do. 


(272) Messrs. Steel Bros. 

& Co., Ltd. 

Do. . 

P. L. 

2,386 

5th March 
1919. 

6 months. 

Do. 


(274) Do. . 

Do. . 

P L. 

1,742 

10th January 
1919. 

Do. 

Do. 


(275) Messrs. Booth & 
mno. 

Do. . 

P.L. 

2,365 

11th Feb¬ 
ruary 1919. 

1 year. 

Do. 


(276) Do. . 

Do. . 

P. L. 

410 

4th March 
1919. 

6 months. 


P. L.mmproipe€iing Licmat. M. L^mMining Imm. 
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Grantee. 

Mineral. 

Natnro of 
grant. 

Area 

in acres. 

Date of 
commence¬ 
ment. 

Term. 

TaToy 

(277) Tavoy Wolfram, 
Ltd. 

All minerals (ex¬ 
cept oil). 

P.L. 

174 

0th January 
1910. 

1 year. 

Bo. 

(278) Manng Ln Po 

Do. . 

P.L. 

497 

13th January 
1019. 

6 months. 

Bo. 

(270) MemrR. Manng Min 
Gyaw Bros, A Co. 

Do. . 

P.L. 

576 

6th February 
1919. 

Do. 

Bo. 

(280) Mr. P. M. Haines . 

Do. . 

P.L. 

700 

6th March 
1019. 

1 year. 

Bo. 

(281) Manng Sein Khaing 

Do. . 

P.L. 

(renewal). 

1,182 

8th August 
1918. 

Do. 

Bo. 

(282) Manng Po Gywe . 

Do. . 

P. L. 
(renewal). 

480 

6th August 
1918. 

Do. 

Bo. 

(283) Messrs. The High 
Speed Steel Alloys 
Mining Co., Ltd. 

Do. . 

P.L. 

(renewal). 

1,163 

11th August 
1018. 

Do. 

Bo. 

(284) Quah Cheng Took 

Do. . 

P.L. 

(renewal). 

088 

3rd Septem¬ 
ber 1918. 

Do. 

Bo. 

(286) Manng Tnn Mya . 

Do. . 

P. L. 
(renewal). 

568 

9th Septem¬ 
ber 1918. 

Do. 

Bo. < 

(286) Manng Po U 

Do. . 

P. L. 
(renewal). 

1,020 

24tii Septem¬ 
ber 1918. 

Do. 

Bo. 

(287) Manng Ba Don 

Do. . 

P.L. 

(renewal). 

282 

11th Novc'in- 
her 1918. 

Do. 

Bo. 

(288) Mr.A.E.O. Maho¬ 
med Yusuf. 

Do. . 

P. L. 
(renewal). 

415 

16th Novem¬ 
ber 1918. 

Do. 

Bo. 

(289) Manng Sein 

Khaing. 

Do. . 

P.L. 

(renewal). 

404 

23rd Novem¬ 
ber 1018. 

Do. 

Bo. 

(200) Manng Me . 

Do. 

P. L. 
(renewal). 

358 

30th Novem¬ 
ber 1918. 

Do. 

Bo. 

(201) En Kya Ban 

Do. . 

P.L. 

(renewal). 

600 

20th Novem¬ 
ber 1918. 

6 months. 

Bo. 

(202) Khoo Tnn Byan . 

Do. . 

P. L. 
(renewal). 

148 

30th Novem¬ 
ber 1918. 

Do. 

Bo. 

(203) Ong Hoc Kyin . 

Do. . 

P.L. 

(renewal). 

179 

13th Decem¬ 
ber 1918. 

Do. 

Bo. 

(204) Messrs. The Bom- 
bay-Burma Trading 
Corporation, Ltd. 

Do. . 

P.L. 

(renewal). 

708 

10th October 
1918. 

Do. 

Bo. 

(206) Messrs. Steel Bros. 
A Co., LW. 

Do. . 

P.L. 

(renewal). 

1,422 

21at Decem¬ 
ber 1018. 

1 year. 

Bo. 

(206) Manng Mya Fe . 

Do. . 

P. L. 
(renewal). 

460 

26th Decem¬ 
ber 1018. 

6 months. 

Bo.1 

(207) Mr. Naltram Bam- 
bnx. 

Do. 

P. L. 
(renewal). 

240 

4th January 
1019. 

1 year. 

Bo. 

( 208 ) Ma Mya Yin 

Do. . 

P.L. 

(renewal). 

1,039 

21st Decem¬ 
ber 1918. 

6 months. 


P. L.mPmpecHng Hcena, 
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Dibtrioi. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Date of 
commence¬ 
ment. 

Term. 

Tavoy 

(200) MoggrH. Steel Bros. 
& Co., Ltd. 

All minerals (ex¬ 
cept oil). 

F. L. 
(renewal). 

620 

6th January 
1919. 

6 months. 

Do. 

(300) Mating E Zin 

Do. . 

P. L. 
(renewal). 

435 

15th Feb¬ 
ruary 1919. 

1 year. 

Do. 

(301) Maung Fo Hnan . 

Do. . 

P. L. 
(renewal). 

589 

Do. 

Do. 

Do. 

(.302) MofigrB. The Ta\oy 
Conci'Sfiions, Ltd. 

All minerals (ex¬ 
cept oil) and pre¬ 
cious stones. 

M. L. 

676*69 

23rd April 
1918. 

30 years. 

Do. 

(303) Quah f’hcng Tock 

Wolfram and tin . 

M. L. 

660-73 

1st August 
1916. 

Do. 

Do. 

(304) Lim Kyeo Yan . 

All minerals (ex¬ 
cept oil) and 
precious stones. 

M. L. 

380*10 

11th January 
1917. 

Do. 

Do. 

(.305) Moasrs. The High 
SiM'od Stool AllojH 
Mining Co., Lid. 

All minerals (ex- 
<Tpt oil). 

P. L. 

3,442 

14th August 
1918. 

6 months. 

Do. 

(306) Do. . 

Do. 

P. L. 

806 

2lBt May 

1919. 

Do. 

Do. 

(307) Mr. A. B. H. Ady 

Do. 

P. L. 

402 

Ist April 1919 

1 year. 

Do. 

(308) Mr. G. Williflon . 

Do. . 

P. L. 

640 

24th April 

Do. 

Do. 

(300) Mogsrs. Tata Son.«i, 
Lt4. 

Do. . 

P. L. 

394 

1919. 

3rd May 

1910. 

Do. 

Do. 

(310) Qtiah Chong Gwan 

Do. . 

P. L. 

300 

4 th April 1919 

Do. 

Do. 

(.311) Maung Bu Oh 

Do. . 

P. L. 

1,024 

Do. 

6 months. 

Do. 

(312) Do. . 

Do. . 

P. L. 

407 

19th June 
1919. 

Do. 

Do. 

(313) Moggrg. Foucar <t 
Co., Ltd. 

Do. . 

P. L. 

1,822 

26th June 
1919. 

1 year. 

Do. 

(314) Mr. G. WiUiflon . 

Do. . 

P. L. 
(renewal). 

807 

24th Feb¬ 

ruary 1918. 

Do. 

Do. 

(316) Quah Cheng Gwaii 

Do. . 

P.L. 

(renewal). 

1,003 

Srd Septem¬ 
ber 1018. 

Da 

Do. 

(316) Maung Saw Hlaing 

Do. . 

P.L. 

(renew’al). 

548 

2nd January 
1919. 

Do. 

Do. 

(317) Khoo Zun Nee . 

Do. . 

P. L. 

(renewal). , 

739 

7th Decem¬ 
ber 1918. 

6 months. 

Do. 

(318) Maung Ngwe Thi . 

Do. . 

P.L. 

(renewal). 

543 

14th Decem¬ 
ber 1918. 

Do. 

Do. 

(310) ;Ma Mo Thu . 

Do. . 

P. L. 
(renewal). 

389 

14th June 
1918. 

Do. 

Do. 

(320) Ma Kin 

Do. 

P L. 
(renewal). 

719 

19th June 
1918. 

lyear. 

Da 

(321) Messrs. Osman 
Must! Khan & Co. 

Do. 

P. L. 
(renewal). 

551 

26th Feb. 
ruary 1919. 

Do. 

i 


r. L.mtPro9p§eting Lietiw. M. L.«>JKfintfi 7 Leatt, 
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District. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Date of 
eommenee- 
ment. 

Term. 

Tavoy 

(322) Quah Cheng Gwan 

All minerals (ex¬ 
cept oil). 

P.L. 

(renewal). 

190 

Ist March 
1919. 

1 year. 

Do. 

(323) Mcflars. Osman 

Mosti Khan Jt Co. 

Do. . 

P.L. 

(renewal). 

747 

10th Feb¬ 

ruary 1919. 

6 months. 

Do. 

(321) MaungPoHnan . 

Do. . 

P.L. 

(renewal). 

640 

26th March 
1919. 

lyear. 

Do. 

(325) Messrs. Osman 
Must! Khan A Go. 

Do. 

P.L. 

(renewal). 

297 

30th April 
1919. 

Do. 

Do. 

(320) Mr. A. E. 0. Maho¬ 
med Yusuf. 

Do. . 

P.L. 

(renewal). 

487 

9th April 

1919. 

6 montlis. 

Do. 

(327) MaungBaDon . 

Do. 

P.L. 

(renewal). 

84 

22nd April 
1919. 

1 year. 

Do. 

(328) Maung Seln Thwe 

Do. 

P.L. 

(renewal). 

236 

0th April 

1910. 

6 months. 

Do. 

(329) C. SooDon . 

Do. . 

P.L. 

(renewal). 

640 

23rd April 
1010. 

Do. 

Do. 

(330) Messrs. The Kan- 
goon Wolfram Co.| Ltd. 

Do. 

P.L. 

(renewal). 

1,725 

9th May 

1910. 

1 year. 

Do. 

(331) Messrs. Tata Sons, 
Ltd. 1 

Do. 

P.L. 

282 

3rd May 

1019. 

Do. 

Do. 

(332) Messrs. The Tavoy 
Tin Syndicate. 

Do. • 

P.L. 

2,752 

1st Septem¬ 
ber 1910. 

Do. 

Do. 

(333) Do. . 

Do. 

P.L. 

1,894 

Do. 

Do. 

Do. 

(334) Do. . 

Do. . 

P.L. . 

3,802 

Do. 

Do. 

Do. 

(335) Messrs. The Tavoy 
Syndicate. 

Do. . 

P.L. 

1,644 

Do. 

Do. 

Do. 

(386) Messrs. The Tavoy 
Tin Syndicate. 

Do. 

P. L. 

1,769 

Do. 

Do. 

Do. 

(337) Mr.A.Il.H.Ady 

Do. . 

P.L. 

410 

10th Septem¬ 
ber 1919. 

Do. 

Do. 

(338) Maung Maung 

Do. 

P.L. 

404 

26th August 
1019. 

Do. 

Do. 

(339) Mr. H. 6. Mathews 

Do. . 

P.L. 

4,057 

1st July 

1919. 

6 months. 

Do. 

(340) Messrs. The Bom¬ 
bay Burma Trading 
Corporation, Ltd. 

Do. 

P.L. 

839-68 

22nd 3uly 
1910. 

lyear. 

Do. 

(841) Mr. 0 . LoveU . • 

Do. • • 

P.L. 

118 

80th Septem¬ 
ber 1919. 

Do. 

Do. 

(842) 8. Boon Thl 

Do. . 

P.L. 

1,088 

15tb Septem¬ 
ber 1919. 

Do. 

Do. 

(343) C. Boo Don . 

Do. • • 1 

P.L. 

1,887 

24th Septem¬ 
ber 1910. 

Do. 


P. h,"»f^mp9eting License. 
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Disxbiot. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Date of 
conunence- 
Dient. 

Term. 

Tavoy 

(344) MauogMaung 

All minerals 
cept oil). 

(ex- 

P.L. 

638 

26th August 
1919. 

1 year. 

Do. 

(345) Quah Cbeng Gwan 

Do. . 


P. L. 
(renewal). 

640 

9th January 
1919. 

Do 

Do. 

(346) Messrs. The Bom¬ 
bay Burma Trading 
Cor])oratiuu, Ltd. 

Do. 


P.L. 

(renewal). 

860 

19th March 
1919. 

Do. 

Do. 

(347) Mrsws. Tlio Ta\oy 
Wolfram, Ltd. 

Do. . 


P.L. 

(renewal). 

543 

26th April 
1919. 

Do. 

Do. 

(348) Mr. F. G. Fitzher- 
bcTt. 

Do. . 


P.L. 

(renewal). 

380 

20th May 

1019. 

Do. 

Do. 

(349) Mr. C. Bcadon . 

Do. . 


P.L. 

(renewal). 

3,674 

3rd July 

1919. 

Do. 

Do. 

(350) MaungPoMyec . 

Do. . 


P.L. 

(renewal). 

179 

25ih May 

1019. 

Do. 

Do. 

(351) Mr. C. Bcadon 

Do. 


P. L. 
(renewal). 

2,371 

3rd July 

1919. 

Do. 

Do. 

(352) Mr. A. R. H. Ady 

Do. . 


P. L. 
(renewal). 

809 

28th June 
1919. 

Do. 

Do. 

(353) Messrs. Foucar & 
Co., Ltd. 

Do. 


P. L. 
(renewal). 

460 

Ist July 

1919. 

Do. 

Do. 

(354) Do. . 

Do. . 


P. L. 
(renewal). 

476 

27th August 
1919. 

Do. 

Do. 

(355) Messrs The Indo- 
Jiurma Tin Corpora¬ 
tion, Ltd. 

Do. . 


P. L. 
(renewal). 

410 

4th Septem¬ 
ber 1019. 

Do. 

Do. 

(356) Maung Min Gyaw 
Jiros. 

Do. . 


P.L. 

(leuowal). 

483 

5th August 
1919. 

6 months. 

Do. 

(357) Quah Clicng Took 

Do. . 


P.L. 

(renewal). 

988 

3rd Septem¬ 
ber 1010. 

1 year. 

Do. 

(358) Messrs. Tata Sons, 
Ltd. 

Do. . 


P.L. 

2,312 

24th October 
1919. 

Do. 

Do. 

(359) Messrs. The Indo- 
Burma Tin Corpora¬ 
tion, Ltd. 

Do. • 

• 

P.L. 

1,827 

14th Novem¬ 
ber 1919. j 

6 months. 

Do. 

(360) MaungNiToe 

1 

1 All minerals (ex¬ 
cept oil and Jado) 

P.L. 

1,772 

Ist Decem¬ 
ber 1019. 

Do. 

Do. 

(361) MaungBaOn 

Do. . 

• 

P.L. 

312 

17th October 
1019. 

1 year. 

Do. 

(362) Quah Chong Took 

All minerals 
a>pt oil). 

(ex- 

P.L. 

657 

24th October 
1919. 

Do. 

Do. 

(363) MaungMaung 

Do. . 

• 

P.L. 

256 

20th October 
1910. 

Do. 

Do. 

(364) Do. . 

Do. . 

• 

P.L. 

1,059 

4th Novem¬ 
ber 1019. 

Do. 


P* h» •^Prospecting license. 
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Dnrruoi. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 

In acres. 

Date of 
commence¬ 
ment. 

Term. 

Ttvoy 

(866) EuShweSwal 

All minerals (ex¬ 
cept oil). 

F.L. 

353 

1st Decem¬ 
ber 1919. 

1 year. 

Do. 

(866) Ong Hoe Eyin 

Do. . 

F.L. 

1,113 

10th Novem¬ 
ber 1919. 

Do. 

Do. 

(367) HaungEyaTnn . 

Do. . 

F.L. 

686 

4tli Decem¬ 
ber 1919. 

6 months. 

Do. 

(868) Messrs. Bullodi 

Bros. A Co., Ltd. 

Do. . 

F.L. 

640 

18th Decem¬ 
ber 1010. 

Do. 

Do. 

(369) Mamig Fo Swo . 

Do. . 

F.L. 

617 

20th October 
1919. 

Do. 

Do. 

(370) Gunpat Bai Eut- 
w^. 

Do. . 

F.L. 

(renewal). 

384 

16th Decem¬ 
ber 1918. 

1 year. 

Do. 

(871) Do. . 

Do. . 

F.L. 

(renewal). 

838 

13th May 

1919. 

Do. 

Do. 

(372) Messrs. Osman 

Mosti Ehan A Co. 

Do. . 

F. L. 
(renewal). 

747 

10th August 
1919. 

Do. 

Do. 

(373) Maung Fo Gaung . 

Do. . 

F.L. 

(renewal). 

230 

14th August 
1919. 

Do. 

Do. 

(874) Quah Cheng Gwan 

Do. . 

F.L. 

(renewal). 

1,003 

3rd Septem¬ 
ber 1919. 

Do. 

Do. 

(876) The Hon’ble Mr. 
lim Chin Tseng. 

Do. . 

F.L. 

(renewal). 

320 

12th October 
1919. 

Do. 

Do. 

(376) A. E. 0 Mahomed 
Yusuf. 

Do. . 

F.L 

(renewal). 

487 

9th October 
1919. 

6 months. 

Ihaton 

(877) Maung Faung 

Do. . 

F. L. 

607-50 

18th January 
1919. 

1 year. 

Do. 

(878) Foo Beng Seng . 

Do. . 

F. L. 

2,022’4 

3rd January 
1919. 

Do. 

Do. 

(370) Ehing Beng Chong 

Do. . 

F.L. 

2,000-6 

15th January 
1919. 

Do. 

Do. 

(880) Maung Chit Maung 

Do. . 

F.L. 

307-2 

9th January 
1919. 

3 months 
and 2 
days. 

Do. 

(381) Maung E Cho 

Do. . 

F. L. 
(renewal). 

793*6 

8th Decem¬ 
ber 1918. 

1 year. 

Do. 

(382) Maung Ehaing . 

Do. 

F. L. 
(renewal). 

153*6 

7th February 
1919. 

Do. 

Do. 

(383) Do. 

Do. . 

F.L. 

(renewal). 

1,004*4 

29th January 
1919. 

Do. 

Do. 

(384) The Hon'ble Hr. 
Lim Chin Tseng. 

Do. . 

F.L. 

742*4 

7th May 1910 

Do. 

Do. 

(386) Maung Eyi . 

Do. . 

F.L. 

1,241*6 

0th May 1919 

Do. 

Do. 

(386) C. Chan Bhwe . 

Do. . 

F.L. 

640 

6th May 1919 

Do. 

Do. 

(387) Maung FeGyi . 

Do. . 

F.L. 

(renewal). 

1,920 

23rd July 
191S. 

Do. 


P. L*>^Pmp§etini Idmt9* 
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District. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Date of 
coinmonco* 
ment. 

Term. 

Thaton 

(388) Tan Kin Chye 

All minerals (ex¬ 
cept oil). 

P. L. 

(renewal). 

691*2 

Slst August 
1918. 

1 year. 

Do. 

(380) OiiR Da Wet and 
Tan Kin Chye. 

Do. . 

P. L. 

(renewal). 

576 

13th Feb¬ 

ruary 1919. 

Do. 

Do. 

(390) Maung Pu . 

Do. . 

P. L. 

601*6 

29th October 
1919. 

Do. 

Thayetinyo 

(301) MoftPrs. The T/>ndon- 
Bangoon Trading Co., 
Ltd. 

Mineral oil 

P L. 

4,576 

13th Decem¬ 
ber 1918. 

Do. 

Do. 

(392) Do. . 

Do. . 

P. L. 

2,880 

26th Novem¬ 
ber 1918. 

Do. 

Do. 

(393) Do. . 

Do. . 

P.L. 

1,920 

Do. 

Do. 

Do. 

(394) Do. . 

Do. . 

P.L. 

9,600 

8th January 
1919. 

Do. 

Do. 

(395) Do. . 

Do. . 

P.L. 

(renewal). 

9,574*4 

13th Decem¬ 
ber 1918. 

2 years. 

Do. 

(390) Mrs. n. V. Murray 

Do. . 

P.L. 

(renewal). 

8,200 

12th Novem¬ 
ber 1918. 

Do. 

Do. 

(397) Messrs. The British 
Burma Petroleum Co., 
Ltd. 

Do. . 

M.L. 

94*72 

18th June 
1918. 

30 years. 

Do. 

(398) Messrs. The Indo- 
Burma Petroleum Co., 
Ltd. 

Do. . 

P.L. 

4^680 

Slst March 
1919. 

lyear. 

Do. 

(399) Messrs. Tlie London- 
Banguon Trading Co., 
Ltd. 

Do. . 

P. L. 
(renewal). 

2,880 

10th April 
1919. 

Byears. 

Do. 

(400) Do. . 

1 

Do. . 

P. L. 

11,520 

(Blocks 48,44 
and 45 of the 
Minhla Oil 
Field and 
an undoinar- 
catedarca of 
15 square 
miles). 

14th June 
1919. 

lyear. 

Do. 

(401) Ma Saw Hein 

Do. . 

P.L. 

460 

22nd AprU 
1919. 

Do. 

Do. 

(402) Messrs. Tlie London- 
Kangoou Trading Co., 
Ltd. 

Do. . 

P.L. 

(renewal). 

2,560 

(Blocks 26 and 
27, the west-- 
cm half of 
blocks 9, 25 
• and 28 and 
the eastern 
half of block 
SOL 

13th July 
1919. 

2 years. 

Toungoo 

(403) Mr. J. Currl 

All minerals (ex¬ 
cept OB). 

P.L. 

1,920 

15th May 
1919. 

lyear. 

Do. . 

(404) Mr. H. J. Daviea . 

Do. 

P.L. 

747*61 

17th Novem¬ 
ber 1919. 

Do. 


P. L.-iProipMNiV Um»h Kt UoH, 
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District. 

Grantoe. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Date of 
commence- 
ment. 

Term. 

Upper 

Chlndwin. 

(405) Messrs. The Tndo- 
Burma Petroleum Co., 
Ltd. 

Mineral oil . 

P. L. 
(renewal.) 

12,800 

12th Septem¬ 
ber 1918. 

2 years. 

Yamethin . 

(406) Mr. W. H. Heard- 
White. 

All minerals (ex¬ 
cept oil). 

P.L. 

640 

31st January 
1919. 

1 year. 

Do. . 

(407) Messrs. IT. Abdul 
Shakoor Hajee Cassini 
& Sous. 

Do. 

P. L. 

4,208*8 

6 th February 
1919. 

Do. 

Do. . 

(408) Maung Tun Myn . 

Do. 

P.L. 

531*2 

22nd Febru¬ 
ary 1919. 

Do. 

Do. . 

(400) Mr. TanBaThwin 

Do. 

P. L. 

052*8 

27th March 
1910. 

Do. 

Do. . 

(410) Do. 

Do. 

P.L. 

1,152 

Do. 

Do. 

Do. . 

(411) Maung Ba Tin 

Do. 

P. L. 

1,337*0 

30th June 
1919. 

Do. 

Do. . 

(412) Messrs. B. M. 
Khar war & Co. 

Do. 

P. L. 
(r»‘newnl,) 

1,715*2 

1.5th January 
1919. 

2 years. 

Do. . 

(413) Messrs. IT. Abdul 
Shakoor Hajee Cassim 
& Sous. 

Do. 

P. L. 

1,779*2 

20 th July 
1919. 

1 year. 

Do. . 

(414) Messrs. B. M. 
Kharwar. 

Do. 

P. L. 

(renewal.) 

1,369*6 

20th May 

1919. 

Do. 

Do. . 

(416) Maung Kyi . 

Do. 

P. L. 
(renewal.) 

582*4 

18th May 

1919. 

Do. 

Do. . 

(416) L. Ah Lye . 

Do. 

P. L. 
(renewal.) 

1,600 

21 st August 
1919. 

Do. 


CENTRAL PROVINCES. 


Balaghat . 

(417) 

Seth Shriram 

Manganese . 

P.L. 

(renewal.) 

348 

13th Sept-em¬ 
ber 1918. 

6 months. 

Do. . 

(418) 

Do. 

Do. 

P. L. 

128 

17th F('bru- 
ary 1919. 

1 year. 

Do. . 

(419) 

Do. 

Do. 

P. L. 
(renewal.) 

45 

30th Septem¬ 
ber 1918. 

6 months. 

Do. . 

(420) 

Do. 

Do. 

P.L. 

496 

17th Febru¬ 
ary 1919. 

1 year. 

Do. . 

(421) 

Do. 

Do. 

P. L. 

395 

Do. . 

Do. 

Do. . 

(422) 

Do. 

Do. 

P.L. 

77 

Do. 

Do. 

Do. . 

(428) 

Do. 

Do. 

P.L. 

1 

Do. 

Do. 

Do. . 

(424) 

Do. 

Do. 

P.L. 

o 

Do. 

Po. 

Do. • 

(426) 

Do. 

Do. 

P.L. 

11 

Do. . 

Do. 


P, Jj.m^ptoipieiing Limit, 
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District. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Date of 
eommence- 
ment. 

Teim. 

Baloghat . 

Do. . 

(426) Seth Shrlram 

(427) Do. 

Manganese . 

Do. 

P. L. 

P.L. 

1 

2 

I7th Febru¬ 
ary 1919. 

Do. 

1 year. 

Do. 

Do. . 

(428) Mr. C. S. Harris . 

Copper and bau¬ 
xite. 

P. L. 
(renewal.) 

12 

1st February 
1910. 

0 months. 

DC. . 

(420) Messrs. Tata Sons, 
Ltd. 

Bauxite 

P. L. 
(renewal.) 

G8 

31 st Decem¬ 
ber 1918 

2 years. 

Do. . 

(430) 

Do. 

Do. 

P. L. 
(renewal.) 

107 

Do. 

Do. 

Do. . 

(431) 

Do. 

Do. 

P. L. 
(renewal ) 

CC 

1st February 
1919. 

Do. 

Do. . 

(432) 

Do. 

Do. 

P. L. 
(renewal.) 

96 

31st Decem¬ 
ber 1918. 

Do. 

1)0. 

(43.3) 

Do. 

Do. 

P L. 
(renew.*!!) 

533 

Dt Februan* 
1919. 

Do. 

Do. 

(434) 

Do. 

Do. 

P. L. 
(renewal.) 

151 

Do. 

Do. 

Do. . 

(435) 

Do. 

Do. 

P. L. 

(renewal.) 

525 

Do. . 

Do. 

Do. . 

(430) 

Do. 

Do. 

P. L. 
(renen’al.) 

26 

Do. 

Do. 

Do. . 

(437) 

Do. 

Do. 

P.L. 

(renenal.) 

20 

Do. 

Do. 

Do. . 

(4.38) 

Do. 

Do. . . 

P.L, 

(renewal.) 

116 

Do. 

Do. 

Do. . 

(430) 

Do. 

Do. . . 

P. L. 
(renewal.) 

93 

Do. 

Do. 

Do. . 

(440) 

Do. 

Do. 

P.L. 

(renewal.) 

64 

Do. 

Do. 

Do. . 

(441) Khan Bahadur 
BjTamjl Pestonji. 

Manganese . 

P.L. 

136 

31st March 
1919. 

1 year. 

Do. . 

Do. . 

(442) Central Provlnci's 
Prcwpecting Syndicate. 

(443) Pandit Kripa- 

shanker. 

Do. 

Do. 

M. L. 

M.L. 

13 

44 

1st March 

1919. 

2nd January 
1919. 

Will ex¬ 
pire with 
the ori- 
ginalleasTy 
dated the 
22nd De¬ 
cember 
1002 , to 
which it 
is supple¬ 
mentary. 
WiU ex¬ 
pire with 
the origin¬ 
al lease, 
dated the 
29th AprU 
1918. to 
which it 
is supple¬ 
mentary. 


P. L,»Pro9pHiin(f Lim9e. U. Lea$e, 
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Duxriox. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in aeres. 

Date of 
commence¬ 
ment. 

Term. 

Balaghat . 

(444) Mr. M. B. Chopra . 

Manganese . 

P. L. 

101 

26th March 
1919. 

1 year. 

Do. . 

(445) Khan Bahadur 
Byramji Festonji. 

Do. 

P.L. 

(renewal.) 

62 

27th May 
1919. 

6 months. 

Do. . 

(446) 

Do. 

Do. 

P.L. 

173 

7th June 

1919. 

1 year. 

Do. . 

(447) 

Do. 

Do. 

P.L. 

128 

Do. 

Do. 

Do. . 

(448) Measrs. Tata Sons, 
Ltd. 

Bauxite 

P.L. 

(renewal.) 

28 

28tli June 
1919. 

2 years. 

Do. . 

(449) 

Do. 

Do. 

P. L. 

(renewal.) 

1C 

7th May 1919 

Do. 

Do. . 

(450) 

Do. 

Do. 

P.L. 

(renewal.) 

781 

6 th May 1919 

Do. 

Do. . 

(451) 

Do. 

Do. 

P. L. 
(renewal.) 

40 

l8t August 
1919. 

Do. 

Do. 

(462) 

Do. 

Do. 

P.L. 

(renewal.) 

69 

Do. 

Do. 

Do. . 

(468) 

Do. 

Do. 

P.L. 

(renewal.) 

77 

Do. 

Do. 

Do. 

(454) 

Do. 

Do. 

P.L. 

(renewal.) 

1,305 

27th August 
1919. 

Do. 

Do. . 

(466) 

Do. 

Do. 

P.L. 

(renewal.) 

187 

1st August 
1919. 

Do. 

Do. . 

(466) 

Do. 

Do. 

P. L. 
(renewal.) 

469 

Do. 

Do. 

Do. . 

(467) 

Do. 

Do. 

P. L. 

(renewal.) 

27 

2l8t May 

1910. 

Do. 

Do. 

(468) 

Do. 

Do. 

P.L. 

(renewal.) 

187 

Do. 

Do. 

Do. 

(469) 

Do. 

Do. 

P.L. 

66 

1 )0. 

Do. 

Do. . 

(460) 

Do. 

Do. 

P. L. 

44 

Do. 

Do. 

Do. . 

(461) 

Do. 

Do. 

P.L. 

412 

Do. 

Do. 

Do. 

(462) 

Do. 

Do. 

P.L. 

118 

Do. 

Do. 

Do. . 

(468) Mr. H. B. Dada- 
bhoy. G.I.E. 

Manganese . 

P. L. 

118 

17th May 

1919. 

1 year. 

Do. • 

(464) Pandit Bewa- 

ghankar. 

Do. 

P.L. 

186 

11 th Juno 
1919. 

Do. 

Do. • 

(465) Sliriram Seth 

Do. 

M.L. 

70 

17th July 
1919. 

80 years* 

Do. , 

(466) 

Do.l 

Do. 

P.L. 

17 

27th August 
1919. 

lyear. 

Da . 

(467) 

Do. 

Do. 

P.L. 

13 

20th Septem¬ 
ber 1919. 

Do. 
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District. 

Grontop. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Date of 
commence¬ 
ment. 

Term. 

Balaghat . 

(468) Shrlram Seth 

Manganese . 

P.L. 

5 

20 th Septem¬ 
ber 1910. 

1 year. 

Do. 

(469) Do. 

Do. 

P. L. 

131 

Do. • 

Do. 

Do. 

(470) K. 
Testonji. 

B. Byramji 

Do. 

M. L. 

29 

2 nd Angusi 
1010 . 

6 years. 

Do. 

(471) 

Do. 

Do. 

M. L. 

4 

Do. 

Do. 

1 )0. 

(472) 

Do. 

Do. 

M. L. 

13 

Do. 

Do. 

1 )0. 

(m) 

Do. 

Do. 

M. L. 

15 

Do. 

Do. 

Do. 

(471) 

Do. 

Do. 

M. L. 

13 

Do. 

Do. 

1 )0. 

M7.".) 

Do. 

Do. 

M. J.. 

25 

Do. 

Do. 

Do. 

(476) 

Do. 

Do. 

M. L. 

18 

26th August 
1919. 

Do. 

Do, 

(477) 

Do. 

Do. 

M. L. 

22 

2nd August 
1919. 

D& 

Do. 

(478) 

Do. 

Do. . 

M. L. 

4 

Do. 

Do. 

Do. 

(479) 

Do. 

Do. 

M. L. 

3 

Do. 

Do. 

Do. 

(480) 

Do. 

Do. 

P. I.. 
(rtncwnl.) 

652 

27th August 
1919. 

6 months. 

Do. 

(481) 

Do. 

Do. 

M. L. 

20 

2nd August 
1919. 

5 years. 

Do. 

(482) 

Do. 

Do. 

M. L. 

11 

Do. 

Do. 

Do. 

(483) B.nboo Kripa- 

shankar 

Do. 

M. L. 

19 

9th August 
1919. 

Do. 

Do. 

(484) 

Do. 

Do. 

M. L. 

88 

Do. 

Do. 

Do. 

(485) Pandit Rcwa- 

«hankar. 

Do. 

M. L. 

41 

2nd July 

1919. 

15 years. 

Do. 

(480) 

Do. 

Do. 

M.L. 

36 

Do. 

10 years. 

Do. 

(487) MPRPrp. Bahman- 
Blia Foiizdar Brothers. 

Do. 

P. L. 
(renewal.) 

131 

4th Septem¬ 
ber 1919. 

6 months. 

Do. 

(488) Messrs Tata Iron 
and Steel Co., Ltd. 

, Do. 

M. L. 

678 

30th July 

1919. 

6 years. 

Do. 

(489) HlessrH. Tata Sons, 
Ltd. 

Bauxite 

i 

r. L. 

7,187 

2nd August 
1919. 

1 year. 

Do. 

(400) 

Do. 

Do. 

P. I.. 

650 

Do. 

Do. 

Do. 

(401) 

Do. 

Do. 

P. L. 

964 

Do. 

Do. 

Do. 

(492) 

Do. 

Do. 

P.L. 

188 

Do. 

Do. 

Do. 

(403) 

Do. 

Do. 

P.L. 

125 

Do. 

Do. 

Do. 

(494) 

Do. 

Do. 

P.L. 

242 

Do. 

Do. 

Do. 

(496) 

Do. . 

Do. 

P.L. 

807 

Do. 

Do. 


L.mProtpMHng Umte* H. Mining Leasee 

8 








208 


Record of the Geological Survey of India, 

CENTRAL PROVINCES-confei. 


[VoL. LI, 


DISTRICT. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Date of 
commence¬ 
ment. 

Term. 

BalAghAt . 

(496) Messrs. Tata Sons, 
Ltd. 

Bauxite 

P.L. 

no 

2nd August 
1019. 

1 year. 

Do. 

(407) 

Do. 

Do. 

P. L. 

91 

Do. 

Do. 

Do. 

(408) 

Do. 

Do. 

P. L. 

628 

Do. 

Do. 

Do. 

(499) 

Do. 

Do. 

P.L. 

316 

1 )0. 

Do. 

Do. 

(600) 

Do. 

Do. 

P.L. 

188 

Do. 

Do. 

Do. 

(501) 

Do. 

Do. 

P. L. 

12.5 

Do. 

Do. 

Do. 

(602) Seth 
das. 

Oowardhan- 

Manpanesp . 

1*. L. 

70 

27th August 
1919. 

Do. 

Do. 

(603) Messrs. M. DTosta 
and Goredutt Ganesh- 
lal. 

Do. 

P. L. 

63 

2nd July 

1919. 

Do. 

Do. 

(604) Mr. C 

S. ITarris . 

Do. 

P. L. 

.528 

27th August 
1919. 

Do. 

Do. 

(506) 

Do, 

Do. 

P. L. 

01 

Do. 

Do. 

Do. 

(606) 

Do, 

Do. 

P. L. 

14 

1 )0. 

Do. 

Do. 

(507) Shri Ram Seth . 

Do. 

P. L. 

142 

18th Oetol>er 
1919. 

Do. 

Do. 

(608) Do. 

Do. 

P. L. 

8.5 

21st Decein- 
1919 

Do. 

Do. 

(609) Do. 

Do. 

P. L. 


Do. 

Do. 

Do. 

(610) Khan Bahadur 
B;^ainji Pestonji. 

Do, 

P. L. 

422 

ISth October 
1919. 

Do. 

Do. 

(511) 

Do. 

Do. 

P. L. 

69 

Do. 

Do. 

Do. 

(512) 

Do. 

Do. 

M. L. 

18 

28th October 
1919. 

6 years. 

Do. 

(613) 

Do. 

Do. 

M.L. 

4 

Do. 

Do. 

Do. 

(614) 

Do. 

Do. 

M. L. 

2 

Do. 

Do. 

Do. 

(616) 

Do. 

Do. 

M.L. 

68 

2ml October 
1919. 

Do. 

Do. 

(616) 

Do. 

Do. 

M. L. 

21 

2,5th No vein- 
1919. 

Do. 

Do. 

(517) Pandit Kripa- 

shankar. 

Do. 

P. L. 

48 

8 th Novem¬ 
ber 1919. 

1 year. 

Do. 

(518) 

Do. 

Do. , 

M. L. 

70 

28th October 
1919. 

15 years. 

Do. 

(510) Messrs. Tata Sons, t 
Ltd. 1 

Bauxite 

P. L. 
(renewal.) 

387 

13th Decern- 
1919. 

2 years. 

Do. 

(620) 

Do. 

Do. 

P. L. 
(renewal.) 

213 

Do. 

Dd. 

Do. • 

(6*1) 

Do. . ’ 

1 

Do. 

P. L. 
(renewal.) 

622 

Do. 

Do. 


P. L."=Pro§ptetmg Idemu. M. Mining Leeae. 
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District. 

Grantee. 

Mineral. 

Nature of 
grant. 

Aiea 
in acies. 

Date of 
coniinenee- 
meiit. 

Term. 

l^alaghat ^ 

(522) Bajputana Mine- 
ral8 Syndicate, Ltd. 

Manganese . 

P.L. 

911 

17th Decem¬ 
ber 1919. 

1 year. 

Do. 

(52:5) Mr. C. S. HarriH . 

Copper 

M.L. 

127 

17th October 
her 1919. 

30 years. 

Do« 

(524) Do. 

Manganese. 

M. L. 

30 

25th Septem¬ 
ber 1919. 

Do. 

Do. 

(525) Do. 

Do. 

P.L. 

21 

10th Novem¬ 
ber 1919. 

1 year. 

Do. 

(52fi) Lalbchari . 

Jtarn Clurnn. 

Do. 

P.L. 

212 

Dth October 
ber 1919. 

Do. 

Do. 

(527) Do. 

Do. 

P.L. 

42 

Do. 

Do. 

Do. 

(52H) Do. 

Do. 

P.L. 

3 

Do. 

Do. 

Do. 

t520) Do. 

Do. 

P.L. 

3 

21st Novem¬ 
ber 1919. 

Do. 

BetuI 

(5:50) MiallJb Shahabod- 
dm. 

Gra))hitu . 

M.L. 

67 

2nd August 
1919. 

30 years. 

Do. 

(631) Mr. M. B. DKlt, 
l5arriBtor-at-Law, ^’aK- 

Do. 

M. L. 

231 

6th August 
1919. 

Do. 

Do. 

Xnir. 

(5‘52) Seth Lakhmi- 

eliand. 

Lead 

P.L. 

177-28 

Ist Decem¬ 
ber 1919. 

1 year. 

Bhandani . 

i 

(633) Khan itahadur 

J5.\rainjl Postonjl. 

Manganese . 

‘ j*. I.. . 1 

' (renewal.) 1 

n 

1 

27th Febru¬ 
ary 1919. 

6 months. 

Do. 

(534) Mr, fibriram Seth . 

Conindiim . . ' 

1 

P. L. 

1 1 

32 

! 

27th July 

1919. 

1 year. 

Do. 

(.535) Do. 

1 

Manganese . . 1 

P.L. 

i 

' 30 

9th August 
1919. 

Do. 

1 

Do. 

(5*50) Seth (A)wnrdhan- 
dus. 

Do. 

! P. L. 
(renewal.) 

i 27 

1 

20th No\ em¬ 
ber 1919. 

Do. 

1 

Do. 

(537) shri Bam Beth . 

Do. 

M.L. 

> 40 

4th October 
1919. 

1 5 years. 

1 

C’lianda 

(53S) Mr M 15. Dada- 
bhoy, G 1 K 

Coal . 

P.L. 

1 2,208 

12lh May 

1919. 

1 year. 

Do. 

(5.39) Mr. Padaniay Ka’- 
sibhai. 

Do. . 

P.L. 

1 463 

2nd June 

1919. 

Do. 

Do. 

(540) Me«,8rB. TTajUdioj 
halji A Co., Boiubaj. 

Do. . 

P.L. 

213 

20th Septem¬ 
ber 1919. 

Do. 

Do. 

(541) Mews. JaRji>an 
Vnllabhda.H Padani^y 
it Co., Bombay. 

Do. . 

M.L. 

3G0 

8th Decem¬ 
ber 1919, 

30 years. 

Do. 

(542) Do. 

Do. . 

M. L. 

771 

Do. . 

Do. 

Cbbindwara 

(643) Babu Kripa- 

Bhantar. 

Do. . 

P.L. 

417 

26th Febru¬ 
ary 1919. 

1 Kflr. 

Do. . 

(644) Sheikh Shahabnd- 
din. 

Do. . 

P.L. 

1,452 

4t!i March 
1019. 

Do. 


s2 


P. L.mpr0$p»eiing Lieetm* M. Lwtt, 
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Dutsiot. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in aeres. 

Date of 
coinnience- 
iiient. 

Term. 

CSihindwvft. 

(646) Bao Sahib D. 
Lakahminarain. 

Manganese . 

P.L. 

237 

19th May 

1919. 

1 year. 

Do. . 

(646) Do. 

Do. 

P.L. 

82 

7th June 

1919. 

Do. 

Do. . 

(647) Khan Bahadur 
Byramjl Peatonjl. 

Do. 

P.L. 

517 

17th June 
1919. 

Do. 

Do. . 

(648) Mir Aalam Khan . 

Coal . 

P.L. 

588 

23rd June 

1919. 

Do. 

Do. . 

(649) The Pench Conaoll- 
dated Coal Co., Ltd. 

Do. . 

M.L. 

463 

30th July 

1919. 

30 years. 

Do. . 

(660) Meaara. Shaw 

Wallace & Co. 

Do. . 

M.L. 

455 

Do. 

Do. 

Do. . 

(661) Do. 

Do. 

M.L. 

442 

Do. 

Do. 

Do. . 

(662) Do. 

Do. . 

M.L. 

214 

Do. 

Do. 

Do. . 

(663) Mewra. H. Venna 
and M. Kanhaiya Lai 
of Clhhindwara. 

Do. . • 

M.L. 

268 

29th July 
1919. 

Will ex¬ 
pire with 
the origin¬ 
al lease, 
dated 7tb 
June 1916 
to which 
it is BUp- 
plemeu- 
tary, ije^ 
on 7th 
June 1946. 

Do. . 

(664) IfeaBn. Byramji 
Peatonji & Co. 

Do. . 

M.L. 

1,485 

12th August 
1919. 

30 years. 

Do. . 

(665) Do. 

Do. . 

M.L. 

436 

26th August 
1919. 

Do. 

Do. . 

(566) Do. 

Do. . 

M.L. 

492 

Do. 

Do. 

Do. . 

(667) Bal Bahadur Bia- 
BeaardaB Daga and 
others of Kamptec. 

Manganese-ore . 

M.L. 

174 

10 th July 
1919. 

15 years. 

Do. . 

(668) Mr. B. Y. But! of 
Nagpur. 

Do. 

M.L. 

4 

8 th Septem¬ 
ber 1919. 

30 years. 

Do. . 

(660) Indian Manganese 
Co., Ltd., Nagpur. 

Do. 

P.L. 

284 

4th July 

1919. 

1 year. 

Do. . 

(660) Do. 

Do. 

P.L. 

1,008 

Do. . 

Do. 

Do. . 

(661) Mr. B. V. Bnti of 
Nagpur. 

Manganese. 

M.L. 

133-49 

2lBt October 
1910. 

30 years. 

Do. , 

(602) Mir Aalam Khan 
of Nagpur. 

Coal . 

P.L. 

667-66 

Ist Decem¬ 
ber 1919. 

1 year. 

Do. . 

(608) Mesars. A. H. 
Yasudeo Eao and Bro- 
thara of Nagpur. 

Do. . • • 

P.L. 

26-64 

8 rd Novem¬ 
ber 1919. 

Do. 


t.mPro§p§cting lim9$, H. Um* 








Past 3] 


Pascoe ; Mineral Production, 1919, 
CENTRAL PROVINCES-amfti. 


211 


Distriot. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Date of 
commence* 
ment. 

Term. 

Chhindwara 

(564) Mr. B. V. Butl of 
Nagpur. 

Coal . 

1 

P. L. 

76*97 

7th October 
1919. 

1 year. 

Do. . 

(565) Mcastb. U. Verma 
and Munahi K.anhaiya- 
lal of Chtiindwara. 

^ Do. . 

P.L. 

243*14 

20 th Novem¬ 
ber 1919. 

Do. 

Do. . 

(666) Mr. B. V. ButI of 
Nagpur. 

1 Manganese . 

P.L. 

185*46 

11 th Decem¬ 
ber 1919. 

Do. 

Do. . 

(567) Do. 

1 Coal . 

P. 1.. 

396*00 

4th Decem¬ 
ber 1919. 

Do. 

J ubbulpore 

(56H) Mr. 0. Stanley 
liarria. 

Maugaueae . 

P.L. 

94 

15th May 

1919. 

Do. 

Do. . 

(566) Mr. Venkat 

Bnmaiiua. 

Bauxite 

P. L. 

317 

13th June 

1919. 

Do. 

Do. . 

(570) Mr. J. 0. Wilaon . 

Manganese, «’oppcr 
and mica. 

P. L. 

874 

12th May 

1919. 

Do. 

Do. . 

(671) Mr. George 

Porreator. 

Bauxite 

P.L. 

39 

17th Septem¬ 
ber 1919. 

Do. 

Do. . 

(572) D. B. Balahhdaa. 
Mauuulal and Kauhalya 
Lai 

Iron, iiianganese, 
tin, sine and 
silx er. 

P.L. 

266 

loth July 
1919. 

Do. 

Do. . 

(573) Do. 

Do. 

P. L. 

268 

3rd Septem¬ 
ber 1019. 

Da 

Do. . 

(574) Do. 

Do. 

P. L. . 1 

412 

loth July 
1919. 

Da 

Do. . 

(575) Diwan Bahadur 
BallabhdaR, Mauoolal 
Kanhaiyalal of Jub> 
bulporc. 

Do 

' i 

P. L. 

1 

1 

592*14 

loth Novem¬ 
ber 1919. 

Da 

Do. . 

(576) Messrs. B>TamJl 
Festonji of Nagpur. 

Manganese. 

M. L. . , 

15*97 

25th Novem¬ 
ber 1919. 

5 years. 

Hagpur 

(577) Mr. Loxmau llao 
Damodhar Lolo. 

Do. 

P.L. 

94 

Slat March 
1919. 

1 year. 

Do. 

(57S) Mr. T. CooverJI 
Bhoja. 

Do. 

P.L. 

89 

27th March 
1919. 

Do. 

Do. 

(679) Do. 

Do. 

P.L. 

128 

Do. 

Do. 

Do. 

(580) Do. 

Do. 

P.L. 

160 

Do. 

Da 

Do. 

(581) Do. 

Do. 

P.L, 

33 

Do. 

Do. 

Do. 

(582) Mr. 0. E. Bright . 

Do. 

P.L. 

561 

28th March 

Do. 

Do. 

(583) Do. 

Do. 

P.L. 

1,082 

1919. 

Do. . 

Do. 

Do. 

(584) Khan Bahadur 

Byramjl Pcatonjl. 

Do. . . 

I 

P.L. 

829 

22nd March 
1919. 

Do. 

Do. 

(585) Do. 

Do. . 

P.L. 

400 

Do. . 

Da 

Do. 

(586) Eao Saheb D. 
Laxminarayan. 

Do. 

P.L. 

620 

27th March 
1919. 

Do. ’ 


P. L.««froipfc(ing lictnti, M. L.-slfimn^ Lmu 
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DISTRIOT.1 

Grantee. 

Mineral. 

Naturi' of 
grant. 

Area 
in aerca. 

l)at(* of 
eoiiniH'ne(‘- 
UU'llt. 

Term. 

Nagpur 

(687) l^ao Saheb D. 
Laxniinarayan. 

Manganese 

P.L. 

58 

27tli Marcti 
1919. 

1 year. 

Do. 

(588) Do. 

Do. 

P.L. 

462 

Do. 

Do. 

Do. 

(589) Mesfirs. Lalbehari 
and llamcharan. 

Do. 

P.L. 

243 

28th March 
1919. 

1 )0. 

Do. 

C590) Mr. M. B. Dada- 
bhoy, C.l.E. 

Coal . 

P.L. 

3,381 

26<h May 

1919. 

Do. 

Do. 

(591) Mefwrs. A. H. 
WaRudeo llao and A. 
Damodhar Hao. 

Manganese . 

M.L. 

49 

27tli May 

1919. 

30 years. 

Do. 

(502) Do. 

Do. 

M. L. 

10 

Do. 

Do. 

Do. 

(598) Messrs. Bahmauslia 
Eouzdar Brothers. 

Do. 

M. L. 

40 

25th .Tune 

1919. 

Do. 

Do. 

(594) Do. 

Do. • . 

M.L. 

.30 

13th May 

1919. 

Do. 

Do. 

(595) Do. 

Do. . 

M L. 

28 

Do. 

Do. 

Do. 

(596) Do. 

Do. . > 

M.L. 


2 .')th June 

1919. 

Do. 

p o 

(597) Do. 

(59«) Do. 

Do. 

Do. 

P. L. 

P. L. 

(renewal.) 

205 

56 

I4th Maj 

1919. 

4th Aj^ril 

1919. 

1 >enr. 

3 inonttis. 

Do. 

(599) Messrs. Goredutt 
Gauesh Lai and M. 
D’Costa. 

Do. 

ML. 

27 

20th June 

1919. 

10 years. 

Do. 

(600) Messrs. Lalbehari 
and Bamcluiran. 

Do. 

M. L. 

13 

12th June 

1919. 

30 years. 

Do. 

(601) Do. 

Do. 

M. L. 

27 

Do. 

Do. 

Do. 

(602) Messrs. Kamprasad 
Lakshminarayan. 

Do. 

P.L. 

19 

30th April 

1919. 

1 year. 

Do. 

(003) £ao Sahib D. 
Lakshminarayan. 

Do. 

P.L. 

530 

19th May 

1J19. 

Do. 

Do. 

(604) Do. 

Do. 

P.L. 

450 

Do. . i 

Do. 

Do. 

(605) Hir Aslam£han . 

Do. 

P.L. 

68 

24th June 
1919. 

Do. 

Do. 

(606) Do. 

Do. 

P.L. 

47 1 

0 th June 

1919. 

Do. 

Do. 

(607) Do. 

Do. 

P.L. 

28 

14th May 

1919. 

Do. 

Do. 

(608) Do. 

Do. 

P.L. 

56 

24th Juno 
1910. 

Do. 

I)o. . 

(609) Do. 

ZH). • • 

P.L. 

130 

22 nd May 
1010 . 

Do. 

DO. . 

(610) Do. 

Do. • ■ 

P.L. 

163 

Do. 

Do. 


p. L*mpro9peUing Liumt, li. Mining LtoH. 
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District. 

Uiantce. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Date of 
ronimence* 

irieiit. 

Tei m. 

Nagj)iir 

(611) Mir Aslam Khan . 

Manganese. 

P.L. 

(renewal.) 

ill 

Ifitli May 

1019. 

8 mouths. 

Do. 

(612) Mr, G. E. Bright . 

1 

1 

Do. 

P. L. 

28 

22ud June 
1919. 

1 year. 

Do. 

(6i;i) Kai Bahadur ' 

JJiHosardas Daga. i 

Do. 

P. L. 

(renewal.) 

219 

30th July 

1919. 

7 months 

Do. 

(614) The Conlral India i 
Mining Co., Ltd. ^ 

Do. 

M. L. 

2 

4th August 
1919. 

30 years. 

Do. 

(61.0) Do. 

Do. 

M. L. 

35 

12th July 

1919. 

10 years. 

Do. 

1 

(616) K. S. D. Laxmi- i 
naruyan. | 

1 )0. 

M.L. 

37 

8 th July 

1919. 

30 years. 

Do. . 1 

(617) Do. 

Do. 

M. L. 

49 

Do. 

Do. 

Do. 

(618) Do. 

Do. 

P.L. 

56 

26th August 
1919. 

1 year. 

Do. 

(610) Mir Ablum Khan . 1 

1 

Do. 

M. L. 

17 

4th Septem¬ 
ber 1919. 

10 years. 

Do. 

(620) Do. 

Do. 

M. I. 

206 

Do. . 

Do. 

Do. 

(621) Do. 

Do. 

M J.. 

69 

Do. 

Do. 

Do. 

(622) Do, . 1 

Do. 

M. L. 

31 

Do. 

15 years, 

Do. 

(62:ij Do. 

] 

Do. 

P.L. 

25 

mth July 
1919. 

1 year. 

Do. 

(624) Do. . 1 

1 Do. 

P. L. 

176 

Do. 

Do. 

Do. 

(62j) Du. 

Do. 

r. L. 

52 

1st August 
1919. 

6 months 

Do. 

( 626 ) K. B. Byraniji 
r»-stonji. 

Do, 

M. L. 

27 

26th August 
1910. 

5 years. 

Do. 

(027) R. B. BiBOharda>. 
Daga. 

Do. 

P. L. 

219 

28th June 
1919. 

8 months. 

Do. 

(628) Kamkribhuapun 
Gosai. 

Do. 

P. L. 

75 

25th Septem¬ 
ber 1019. 

1 year. 

Do. 

(629) Do. 

Do. 

P, L. 

110 

Do. 

Do. 

Do. 

(030) Kao Sahib D. 
La.xniinaraynn. 

Do. 

P.L. 

272 

nth October 
1919. 

Do 

Do. 

(631) Mr. Venkat Kaiua- 
uua. 

Do. 

P.L. 

300 

7th October 
1919. 

Do. 

Do. 

(632) Mir Aslam Khan, 
Contractor. 

Do. . 

M.L. 

49 

18th Novem¬ 
ber 1919. 

80 years. 

Do. 

(63.3) Mr. Laxman 

Damodar Lele. 

Do. 

M.L. 

16 

5th Novem¬ 
ber 1919. 

Do. 

Do. 

(634) Do. 

Do. 

M.L. 

7 

Do. . 

Do. 


P. h.^PmpttUng lieettH. li,mMining Learn. 









Records of the Geological Survey of India. 
CENTRAL PBOVINCES-coJicW. 


[VoL. LI. 


M4 


District. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Dale of 
commence¬ 
ment. 

Term. 

Kftgpor . 1 

(635) Mr. Bamkrishna* 

Manganese. 

P.L. 

131 

2nd Decern- 

lyoor 

puri Qoeai. 



her 1919. 


Do. 

(636) Do. 

Do. 

P. L. 

40 

Do. 

Do. 

Do. 

(637) Do. 

Do. 

P L. 

29 

Do. 

Do. 

Narsingpur 

(638) Mr. J. Bold . 

Coal . 

P.L. 

1,844 ! 

2nd January 
1919. 

Do. 

Baipur 

(639) Debiprasad Benia 

Copper 

P.L. 

586 

7th February 

Up to 3l8t 

(renewal.) 


1919. 

J.eeembcr 

1919. 




Saugor 

(640) Mr. Pragnarayan, 

Iron pyritios, 

P. L. 

75 

5th Sei)tem- 

1 jear. 

B.A., LL.B., Pleader, 
Agra. 

Sulphur and iron. 



her 1919. 



Do. 

(641) Bao Bahadur 

Copper 

P. L. 

254 

11 th Deoem- 

Do. 


Daniodar Bao Shri- 
khande, Pleader ol 
Damoh. 



ber 1919. 




Seoni 

(642) Messrs. B>Tamji 

Mica . 

P. L. 

411*60 

I.Sth October 

1 Do. 


PMtonji of Nagpur. 




1919. 


Yeotmal . 

(643) Muhaniad Anwar 

Coal . 

M. L. 

205 

30th August 

30 >cars. 


Pasha, minor by guar¬ 
dian Mtinshi Sheikh 




1919. 



Alimuddin of Chikhla 






Do. 

(644) Mr. M. B. Dada- 

Do. . 

M.L. 

592 

Do. • 

25 years, 


bhoy, Barrister-at- 





1 month 


Law, Nagpur. 





and 15 

days. 

Do. 

(645) Do. 

Do. . 

M. L. 

372 

13th August 

30 years. 





1919. 



MADRAS. 


Anantapur. 

(646) B. P. Sesha Bcddi. 

Barytes 

P.L. 

2*84 

13th July 
1910. 

1 year. 

Do. 

(647) A. Ghose, Bsq. . 

Do. 

P. L. 

56*00 

27th July 
1019. 

Do. 

Do. 

(648) Agent, Anantapur 
Gold Fields (Ltd.). 

Gold . 

P.L. 

3,604*81 

6 th October 
1910. 

Do. 

Eumool . 

(649) B. P. Sesha Beddi. 

Barytes 

P.L. 

19-13 

20th Septem- 
1919. 

D(». 

Do. 

(650) Do. 

Do. 

P.L. 

8*06 

Do. 

Do. 

Do. 

(651) A. Ghose, Esq. 

Do. 

P.L. 

65 

18th Septem¬ 
ber 1919. 

Do. 

Do. 

(652) Do. 

Do. 

P.L. 

1*73 

Do. 

Do. 

Do. 

(658) Do. 

Do. 

P.L. 

7*78 

Do. 

Do. 


F. iMmProipteUng Imna* H. L,mMining Ltoie, 
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Dibiriot. 

Grantee. 

Mineral. 

Nature of 
prant. 

Aiea 
in acres. 

Dat»- of 
coiinnence- 
nient. 

Term. 

Koniool 


(664) B. P. SoBha Bcddi. 

Barytes 


P. L. 

4-20 

16th August 

1 year. 






1919. 

Do. 


(656) A. GhoBO, Esq. 

Do. 


P. L. 

86 

18th S(‘pteni- 

Do. 







her 1919. 


Do. 


(666) B. P. S('»haKcddi. 

Do. 


P. L. 

0-80 

20 th Septeni- 

Do. 







her 1919. 


Do. 


(657) Du. 

Do. 


P. L. 

12-50 

Do. 

Do. 

Do. 


(658) B. Piilla K«‘d(Ji 

Do. 


P. L. 

1-40 

16th August 

Do. 







1919. 


Do. 


(659) Do. 

Do. 


P. D. 

0-80 

Do. 

Do. 

Do. 


(600) Do. 

Do. 


P. L. 

3-30 

Do. 

Do. 

Do. 


(001) A. Gho»e, Ebq. 

Do. 


P. h. 

1-90 

18th Septein- 

Do. 







her 1919. 


Do. 


(002) B. P. Scalia lloddi. 

Do. 


P. L. 

13-50 

2 oth Septeni- 

Do. 







her 1919. 


Do. 


(603) A. GtiOBC, Ebq. 

Do. 


P. L. 

32-36 

23rd Deceni- 

Do. 







her 1919. 


De. 


(004) Do. 

Do. 

. 

P. L. 

21-80 

16th October 

Do. 







1919. 


Do. 


(065) Do. 

Do. 


1 *. L. 

1-15 

5th Decern- 

Do. 







her 1019. 


Do. 


(006) Do. 

Do. 

• 

P. L. 

2-88 

loth October 

Do. 







1919. 


Do. 


(667) Do. 

Do. 


P. L. 

2-62 

5th December 

Do. 







1919. 


Do. 


(668) Do. 

Do. 

« 

P. L. 

6-90 

23rd Decem¬ 

Do. 







ber 1919. 


Do. 

• * 

(609) Do. 

Do. 


P. L. 

295-39 

Do. 

Do. 

Do. 


(670) Do. 

Do. 


P. L. 

0-98 

6 th December 

Do. 







1919. 


Do. 


(671) Do. 

Do. 


P.L. 

6-05 

23rd Decem¬ 

Do. 





M.L. 


ber 1919. 


NoUoro 


(072) P. K. Vciipnnm 
Nayudn. 

Mica 


19-97 

nth October 
1918. 

30 years. 

Do. 


(675?) N. llaghavalu 

Do. 


P.L. 

3-38 

Slst January 

lyear. 



Naickcr. 





1919. 

Do. 


(674) G. Vcnkutachalam 

Do. . 


M.L. 

27-86 

7th December 

SO years. 



Cbctti. 





1918. 

Do. 


(675) C. H. Jefferson . 

Do. . 


M.L. 

1-10 

Srd October 

Do. 







1918. 

he 

Do. 


(676) Messrs. Siartin & 

Do. . 


M. L. 

80-74 

15th Septem¬ 

For ted 



Co. 



(Thin lease 


ber 1918. 

nnexpir 






is in exten¬ 
sion of the 
one al¬ 



portion 
the perio® 
of the ori* 






ready held 
by the 



ginaUeiBe* 






company.) 

1 




?. L.^PronpeOing M. L.-tJlifMnp Lta$9, 
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DUTSIOT. 

Grantcf. 

Mineral. 

Nature of 
grant. 

Area i 
in acres. 

Date of 
commence¬ 
ment. 

Term. 

Kellore 

(677) I*. Vcukat4i8waiui 
Chctti. 

Mica 

• 


P.L. 

48*28 

18th March 
1919. 

1 year. 

Bo. 

(67fi) N. Haghavalu 

Nairkcr. 

Bo. 



P. L. 

10-22 

7th Novem¬ 
ber 1918. 

Bo. 

Bo. 

(679) T. Veukatasubba 
Auu. 

Bo. 



P. L. 

18-05 

13th Brrem- 
ber1918. 

Bo. 

Bo. 

(686) K. Pcnchulu Rcddi 

Bo. 



M. L. 

89-05 

24tii October 
1918. 

30 years. 

Bo. 

(681) P. Venkata Narapa 
lleddi. 

Bo. 



M. L. 

82-43 

12tii August 
1918. 

1 p to 1st 

August 

1944. 

Bo. 

(682) K. Adinurujana 
lleddi. 

Bo. 



M. L. 

121-98 

91 h October 
1918. 

Vp to 4th 
April 

1947. 

Bo. 

(682) Mc88M. W. a. 

Bcardsell & Co. 

Bo. 



xM. L. 

308-27 

3rd February 
1917. 

30 years. 

Bo. 

(684) Bo. 

Bo. 

. 


M. L. 

182-96 

1 )0. 

Bo. 

Bo. 

(685) Bo. 

Bo. 



M. L. 

305-24 

Bo. 

Bo. 

Bo. 

(686) Bo, 

Do. 



M.L. 

76 

Bo. 

Bo. 

Bo. 

(687) K. Pencholu Pcddi 

Bo. 



P. 1.. 

13-41 

1 st July 1919 

1 year. 

Bo. 

(688) P. Vcukatabwami 
Chctti. 

Bo. 

• 


P.L. 

2-68 

181 h April 
1919. 

Do. 

Bo. 

(689) N. Raghavalu 

Nayakar. 

Do. 



M. L. 

9-41 

14tli Beeem- 
iM-r 1018. 

30 years. 

Bo. 

(690) V. K. M. K. K. 
Karuppau Ciietti. 

Do 



P. L. 

24-02 

20 th Feb¬ 
ruary 1919. 

1 year. 

Bo. 

(691) G. Subrahmauyam 

Bo. 



1’. L. 

145-46 

Ist October 
1910. 

Bo. 

Bo. . i 

(692) Indur Subbaranii 
lleddi. 

Bo. 



P. L. 

30-09 

28th July 
1919. 

1 )0. 

Bo. 

(693) G. Gopalakriah* 
nayya. 

Bo. 



P. L. 

136-80 

31st July 

1919. 

Bo. 

Bo. 

(694) Moolji Ooviudjec . 

Bo. 



P.L. 

20 

8 th April 

1910. 

Do. 

Bo. 

(605) V. Rami Reddi . 

Bo. 



P.L. 

10-05 

2nd J une 

1919. 

Do. 

Bo* • 

(096) B.V.Snbba Reddi 

Do. 



P.L. 

5-05 

Do. 

Do. 

Bo. 

(697) V. K. M. K. R. 
Karuppan Chctti. 

Do. 



P. L. 

0-32 

24th May 

1919. 

Bo. 

Bo. 

(698) K. Venkata- 

Bubbayya. 

Do. 

a # 


P.L. 

12*89 

6 th August 
1919. 

Bo. 

Bo. 

(699) G. V. Subba Reddi 

Bo. 

f • 


P.L. 

43«30 

1 st October 
1919. 

Bo. 


P. L.m^PrQtptetiim Lieum, M. X«aff. 
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District. 

Grant PC. 

1 

Mineral. 

Nature of 
grant. 

Area 
in acres. 

Dale of 
coinint-iiee- 
iiient. 

Terta. 

N ellore 

(700) Imhiviir Subharami 
Kcddi. 

Mica 

r.L. 

31-20 

20th Septem¬ 
ber 1919. 

1 year. 

1)0. 

(701) V. Venkata- 

8ul)bayya. 

Do. . 

1*.L. 

1-61 

29th S(‘ptem- 
ber 1019. 

Do. 

1)0. 

(702) V. K. M. K. 11. 
lvurui>]>aii Chrtti. 

1)0. . 

r. L. 

(renewal). 

13-65 

Not stated . 

Not stated. 

1)0. 

(7o:l) K. K. Subl)araKliava 
A>\ar. 

1)0. . 

1 

V. L. 

19-25 

0th Novem¬ 
ber 1919. 

1 year. 

Do. 

(704) N. Virara}’ha\Hyyu 

Do. . 

1*. L. 

3-17 

9th October 
1919. 

Do. 

1)0. 

(7oro N. llaghavalu 

Na>akar. 

1)0. . 

P. L. 

37-40 

1 12th July 

1919. 

Do. 

'rncliinopoly 

(700) ItliNsis. StaiK'.s A 
Co., Cuuiibatoip. 

riiosphaiic i)udul<‘b 

31. L. 

Bloeka nos. 3 
and (i m the 
aurvoy map i 
oi 18C2 and 1 
189.'). 1 

Tile date on 
v\liieh the 
lessee begins 
ojirtrations. i 

1 5 years. 

1 

! 


PUNJAB. 


Attock 

(707) TheAttoek Oil Co., 
Ltd. 

Mineral oil . 

1*. L. 

j 3,204 

3rd Septein- ! 1 year, 
her 1919. ! 

Jhelum 

I (708) H. S. L. Thakar 
Da.ss Uainji Das ot 
Dandol. 

Coal . 

1 

P. L. 

839-7 j 

1 11th April i Do. 
1918. , 


r. L.=>r) aspect tug License. M. l..^Mtning Lease, 


SUMMARY. 



1 noviNcr. 


Prospecting 

Licenses. 

3Iining Leases. 

Total of each 
Province. 

Assam . 



7 

2 

0 

Daluuluslaii 



4 


4 

Bihar and Orissa 


. • • • 

10 

13 

36 

Bombay . 



7 


7 

Burma . . . 



366 

9 

364 

Central Provinces 



160 

69 

229 

Aladras . . 



48 

13 

61 

Punjab . 


. 

2 


2 

Total ol aaeh kiad and Grand total. 1919 

602 

106 

708 



Total for 1018 

676 

44 

719 
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CLASSIFICATION OF LICENSES AND LEASES. 

Table 36. —Prospecting Licenses and Mining Leases granted in Assam 

during 1919. 



Prospecting Licenses. 


Cachar ..... 

Do. 

Khasi and Jaintia Hills . 

Lakhimpur .... 

2 8,491*9 

1 934*4 

2 12,902*4 

2 12,320 

Mineral oil. 

Oil and coal. 

Minerals other than 

mineral oils. 

Oil. 

Total 

7 

_ 

Lakimpur 

Mining Leases. 

1 2 1 5,120 

1 Oil. 

Table 37. — Prospecting Licenses and Mining Leases granted in Baluchis¬ 
tan durmg 1919. 


1919. 

Distbiot. 

No, 

acres. 

Mineral. 


Prospecting Licenses. 

Kalat ... I 31 46,080 i Oil. 

Zhob • • • • . 1 60 Chromite. 


Total 


4 
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Table 38. -Prospecting Licenses and Mining Leases granted in Bihar and 

Orissa during 1919. 





1919. 

District. 








No. 

Area in 

Mineral. 





acres. 



Prospecting Licenses. 


Hazaribagh . 



8 

2,128*89 

Mica. 

Hainl)alpur 



1 

5,849*79 

Do. 

Do. 



1 

2,376*99 

Coal. 

Do. 



1 

67 

Oxide of iron. 

Santal Parganas 



2 

10,239*74 

Coal 

Singhbhum 



2 

2,660 

Gold and galena. 

Do. 



1 

2C,240 

General license. 

Do. 



1 

992 

Manganese and iron*ore. 

Do. 



2 

2,310-4 

Iron-ore. 


Total 

• 

19 

... 





Mining Leases. 


Hazaribagh . 

, , 


1 3 

360 

Mica. 

Santal Parganas 

• 

• 

i 

79*86 

Coal. 


Total 

• 

1 13 

1 

1 



Table 39. —Prospecting Licenses and Mining Leases granted in Bombay 

during 1919. 


District. 

1919. 

No. 

Area in 
acres. 

Mineral. 

Pr 

Beljgaum • . . • 

Kaira • • * • • 

Total 

ospecting 

6 

1 

Licenses. 

2.722-02 

70-82 

Bauxite. 

Manganese. 

1 

7 

... 
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Tablb 40. —^Prospecting Licenses and Mining Leases granted in Rurma 

during 1919. 


District. 


No. 

1 

Area in 


acres. 


Mineral. 


Prospecting Licenses. 


Akyab . 
Amherst 
Bhamo 
Do. 

Henzada 
Katha . 
Do. . 
Do. . 

Kyaukpyii 
Kyaukse 
Magwe . 
Mandalay 
Mergui . 
Do. . 
Do. . 


Do. . 

Do. . 

Do. . 
Minbu . 

Do. . 
Myingyan 
Do. 

Myitkyina 

Do. 

Do. 

Do. 

Do. 
Pakokku 
Pakokku Hill 
Prome . 

Do. . 
Ruby Mines 
Do. 

Do. 


2 

4,900 

42 

41,09,5-43 

1 

.5..510-8 

1 

G,400 

:i 

5,028-02 

9 

60,201-00 

1 

2,752 

1 

3,392 

1 

040 

1 

1,056-32 

4 

20,787-30 

1 

2,3.55-2 

21 

21,790-12 

38 

4.3,313-05 

3 

1,295-30 

13 

10,929-40 

1 

1,720-32 

2 

732-16 

1 

400 

1 

517-12 

1 

040 

5 

5,238-24 

10 

14,071-0 

5 

20,329-10 

1 

167-75 

1 

640 

1 

2,931-20 

1 

3,200 

1 

640 

1 

4,861-20 

5 

4,572-8 

1 

3,840 

2 

443 

1 

2,608-3 

2 

10,240 

1 

640 

1 

41 


Mineral oil. 

All minerals (except oil). 
Do. 

All minerals (except oil 
and inde). 

All minerals (except oil.) 
Do. 

Cold. 

All minerals (except oil 
and jade). 

Mineral oil. 

All minerals (except oil). 
Mineral oil. 

Silver and lead. 

Wolfram and tin. 

All minerals (except oil). 
Wolfram, tin and allied 
minerals. 

Tin. 

Tin, Gold and allied 
minerals. 

Wolfram and allied 
minerals. 

Coal. 

Tin and tungsten ores. 
Wolfram. 

Mineral oil. 

Coal. 

Mineral oil. 

All minerals. 

Silver and copper. 

Gold and platinum. 

Gold and indio platinum. 
Gold. 

All minerals (except oil). 
Mineral oil. 

All minerals (except oil). 
Mineral oil. 

Coal, 

All minerals (except oil). 
Copper ore. 

Mica. 
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Table 40.— Prospecting Licenses and Mining Leases granted in Burma 

during 1919 —contd. 




1919. 

Distkict. 

No. 

Area in 
acres. 

Mineral. 

Prospecting Licenses — contd. 

Salween 

2 

5,140 

All minerals (except oil). 

Shwebo .... 

1 

200 

Bo. 

Do. .... 

2 

8,.32{) 

Mineral oil. 

Southern Shan Statos 

1 

1,280 

Lead. 

Do. 

7 

9,239 

All minerals (except oil). 

Do. 

4 

14,560 

Bold. 

Do, 

1 

(UO 

Antimony and associated 
minerals. 

Tavoy ..... 

123 

110,509-78 

All minerals (except oil). 

Do. .... 

2 

2,084 

All minerals (except oil 
and jade). 

Thavetmvo .... 

11 

53,850 

Mineral oil. 

Toungoo .... 

2 

2,667-52 

All minemla (except oil). 

Upper Chindwin 

] 

12,800 

Mineral oil. 

Vamethin .... 

n 

15,628-8 

All minerals (except oil). 

ToTai, 

355 

... 

1 

1 


Mining Leases. 


Mergui. 

2 

814-.33 

Wolfram and tin. 

Do .... 

1 

983-13 

All minerals (except oil). 

Pakokkii .... 

1 

1,280 

Mineral oil. 

Southern Shan States 

1 

2-1 

Lead and Silver. 

Tavoy ..... 

2 

1,056-79 

All minerals (except oil 
and precious stones). 

Do. .... 

1 

660-73 

Wolfram and tin. 

Thayetmyo .... 

1 

94-72 

Mineral oil. 

Total 

9 

... 
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Table 41. —Prospecting Licenses and Mining Leases granted in the 
Oentral Provinc.es during 1919. 



Prospecting Licenses. 


Balaghat 





41 

5,927 

Do. 





1 

12 

Do. 





43 

18,083 

Betul 





1 

177-28 

Bhandara 





3 

74 

Do. 





1 

32 

Chanda 





3 

2.874 

C hhindwara 





8 

3,765-30 

Do. 





6 

2,313-46 

Jubbulpore 





1 

94 

Do. 





2 

356 

Do. 





1 

874 

Do. 





4 

1,638-14 

Nagpur 




• 

39 

7,854 

Do. 




• 

1 

3,381 

Naraingpur 




• 

1 

1,844 

Raipur . 





1 

586 

Saugor . 





1 

76 

Do. 





1 

254 

Seoni . 



• 


1 

411-60 



Total 

• 

160 

... 


Manganese. 

Cojipor and bauxite. 

I Bauxite. 

Lead. 

Manganese. 

Cormidum. 

Coal. 

Do. 

Manganese. 

Do. 

Bauxite. 

Manganese, copper and 
mica. 

Iron, Manganese, tin, zinc 
and silver. 

Manganese. 

Coal. 

Do. 

Copper. 

Iron }>yriteB, sulphur and 
iron. 

Copper. 

Mica. 


Mining Leases. 


Balaghat 

Do. 

Betul . 
Bhandara 
Chanda 
Ohhindwara 
Do. 

Jubbulpore 

Nagpur 

Yeotmal 


1,375 

127 

288 

49 

1,131 

4,255 

311-49 

16-97 

774 

lil69 


Manganese. 

Copper. 

Graphite. 

Manganese. 

Coal. 

Do. 

Manganese. 

Do. 

Do. 

Coal. 


Total 


69j 
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Table 42. —Prospecting Licenses and Mining Leases granted in Madras 

during 1919. 


Disteiot. 

1919. 

No. 

Area in 
acres. 

MineraL 

Pr( 

Anantapnr .... 

Do. .... 

Kurnool .... 

Nellore. 

Total 

ispecting ] 

2 

1 

23 

22 

Licenses. 

69-74 1 
3»604-81 
696-23 
640-60 

Barytes. 

Gold. 

Bar3rte8. 

Mica. 

48 

... 

Nellore. j 

Triohinopoly .... 

Mining L 

12 

1 

! 

eases. 

1^55-01 
Blocks 
Nos. 3 and 
6 in the 
Survey 
map of 
1862 

and 1895. 

Mica. 

Phosphatic nodules. 

Table 43. — Prospecting Licenses and Mining Leases granted in the Punjab 

during 1919. 

Disteiot. 

1919. 

No. 

Area in 
acres. 

Mineral. 

Pr 

Attook . 

Jhelum. 

^Total 

ospecting 

1 

1 

Licenses. 

3^64 

839*7 

Sfinml oil 

Coal 

2 

• •• 


W 
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l.-STRATIQRAPHICAL DISTRIBUTION OP THE FAUNAS DEALT 
WITH BY DR. NOETLINQ. 


(I) Introductory : the Pegu system as classified respectively 
by Theobald and by Noetling. 


T he post-eocene Tertiary fauna of Burma has been dealt with by 
Dr. Noetling in two monographs, the first of which was pub¬ 
lished in 1895 in Volume XXVII of the Memoirs of the Geological 
Survey of India, the second, in 1901, in the Palseontologia Indica, 
new series, Volume I. 

The specimens dealt with in the first monograph were collected by 
Dr. Noetling j)rincipally at Yenangyat and at Minbu. To these, in 
the second memoir, were added a number of specimens collected by 
Dr. Noetling at Singu, together with some collections previously 
bi ought by Theobald from Lower Burma principally from Kama, a 
town situated on the right or western bank of the Irrawadi, about mid¬ 
way between Prome and Thayetmyo. 

The inclusion of Theobald’s collections from Lower Burma, while 
revealing a number of fossil forms of great geological interest, led to 
consequences wliicli were not altogether ha])py from the stratigraphi 
cal point of view. Without re-visiting the type-sections in L wer 
Burma, Noetling amended Theobald’s classification in a manner 
which has given rise to a great deal of confusion. The post-eocene 
beds of Burma were classified by Theobald into two main divisions, 
a lower one, tlie Pegu Group, named after the Pegu range or Pegu 
Yonia, and an upper one, the Fossil Wood Group {Eec, Geol. Surv. 
Inch, 1859, Vol. IT, ])p. 79, 80). The Fossil Wood Group, as origin¬ 
ally defined, included marine strata in its lower portion, and fresh¬ 
water beds at its upper limit. To remedy what appeared to be an in¬ 
consistency, Noetling, in Upper Burma, discarded the name “ Fossil 
Wood Group,” and distinguished the exclusively fresh-water upper 
beds under the name of “ Irrawadi Group,” retaining the name “Pegu 
Division ” for the underlying beds mainly of marine origin. Noet¬ 
ling took it for granted that the Irrawadi Group or Irrawadi Series 
of Upper Burma coincides exclusively with the uppermost fresh¬ 
water portion of Theobald’s “ Fossil-Wood Group ” of Lower Burma. 
The researches of Dr. Stuart in Lower Burma, which will again be 
alluded to in a subsequent part of this review, have thrown great 
doubt upon this conclusion, for the marine beds in the lower part of 

f2 
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Theobald’s Fossil Wood Group ” of Lower Burma may possibly be 
contemporaneous with some of the fresh-water strata in the Irrawadi 
Series of Upper Burma. Several geologists have drawn attention to 
the fact that the marine sequence, in the Irrawadi region of Burma, 
becomes gradually curtailed in a northern direction, owing to the 
encroachment of the fresh-water facies, especially amongst the later 
Tertiary formations. Mr. Cotter’s researches on this subject are, 
particularly convincing (Rec. Geol. Snrv. Ind., Vol. XLTV, p. 16G, 
Vol. XLVII, p. 63 ; Joum. As. Soc. Bengal, new ser., Vol. XIV, 
p. 609). During the earlier stages of geological investigation 
in Burma, the existence of these variations of facies were un¬ 
known to Noetling, and, a fortiori, to Theobald. Some of the strata 
constituting the southern part of the Pegu Yoma, in which Theobald 
discovered the conspicuous forms of oysters described by Noetling 
as Ostrea 'promensis and Osirea peguensis, which will again be referred 
to in the sequel, included in the Pegu Group in the geological map 
published by Theobald, are possibly contemporaneous with a por¬ 
tion of Noetling’s Irrawadi Series, and almost certainly contempo¬ 
raneous with a portion of Theobald’s own Fossil Wood Group as de¬ 
fined in the Prome and Thayetmyo region. Thus, instead of repre¬ 
senting two superposed geological units, the Pegu and Irrawadi di¬ 
visions, in the light of recent research, may eventually prove to be 
partly vicarious. 

Nevertheless, the question is not yet fully elucidated, and, what¬ 
ever may be the exact relationships of the Pegu and Irrawadi divi¬ 
sions, these designations correspond, over large areas, to well de¬ 
fined types, the interpretation of which, by different geologists, has 
not seriously varied. 

Where Noetling’s scheme is particularly unfortunate, is in the 
re-distribution of the subdivisions originally established by Theo¬ 
bald within the Pegu Group. The lowest beds, mainly shaly, were 
distinguished by Theobald as the Sitsayan Shales {Mem. Geol. Surv. 
Ind., 1874, Vol. X, p. 269), the remainder, with a considerable ad¬ 
mixture of sandstones, constituting the Prome beds (loc. cit., p. 270). 
The upper part of the Prome division, where studied by Theobald, 
includes some richly fossiliferous bands. Noetling re-defined the 
Prome division so as to include the Sitsayan Shales and the unfos- 
siliferouB or less fossiliferous lower portion of Theobald’s original 
Prome beds. All the richly fossiliferous marine strata of Upper 
Burma in the region of the oil-fields were united with those previous- 
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ly recognized by Theobald in various parts of Lower Burma to consti¬ 
tute a “ Yenangyoung Stage ” (Rec. GeoL Surv. Ind,, 1895, Vol. 
XXVIII, p. 64), eventually regarded by Noetling as newer than the 
totality of the re-defined “ Prome Stage ” or ‘‘ Promeian.’’ Not only 
does the amended scheme introduce a serious source of confusion by 
reversing the use of the term “ Prome,” with which Theobald de¬ 
signated the newer part of the Pegu Group, while Noetling, on the 
contrary, applied it to the older part, but recent research has shown, 
beyond the possibility of further doubt, that some of the richly fos- 
siliferous strata in the region of the oil-fields, included in Noetling’s 
“ Yenangyoungian,” are on the same geological horizon as part of 
the Sitsayan Shales, while the “ Yenangyoungian ” includes, at the 
same time, the newest marine strata recognised in Lower Burma, 
those constituting Noetling’s “ zones of Ostrea promensis and Ostrea 
pegucnsis\ which are perhaps as late in age as a portion of the Irra- 
wadi Series of Upper Burma. Consequently, the fossil fauna des¬ 
cribed by Noetling as the fauna of the Yenangyoungian is, in reality, 
the aggregate fauna of the entire Pegu System. Unintentionally 
though it may be, the term “ Yenangyoungian ” is practically sy¬ 
nonymous with the term Pegu Group or Pegu System and is decided¬ 
ly unsatisfactory. We shall therefore avoid much confusion if we 
adopt the recommendation of Dr. Pascoe {Mem, Geol. Surv, Ind,, 
Vol. XL, p. 16) in discarding the further use of the term “ Yenang¬ 
youngian.” The terms ‘‘ Pegu ” and “ Irrawadi ” are very useful as 
designations for some of the major divisions. Some re-adjustment of 
their definition may eventually become necessary, though an attempt 
at a more precise demarcation than that at present in use, may wisely 
be postponed until the geological study of the region has made fur¬ 
ther progress. For the present, the Pegu System may be taken to 
correspond essentially with the marine facies of the post-eocene Ter¬ 
tiary in the eastern part of the Arakan Yoma, in the Pegu Yoma, 
and in the intervening Irrawadi valley. 

(2) Mutual relationships of the principal lossiliferous layers 
of Yenangyat, Minbu, Singu, and Kama. 

If now we turn our attention to the minor details of the classi¬ 
fication, we find that two causes of error have affected Dr. Noetling’s 
Conclusions regarding the vertical distribution of the fossiliferoiiS 
layers in the region personally studied by him in greatest detail, 
that is, in the petroliferous anticlines of Upper Burma. The anti- 
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dines had not yet been surveyed in detail, and the thicknesses of 
exposed strata were generally greatly under estimated. Moreover, Dr. 
Noetling’s interpretation of the stratigraphy is founded on the assump¬ 
tion, now known to be erroneous, that the uppermost petroliferous 
layers in the several petroliferous anticlines occupy the same stra- 
tigraphical level. 

Since the conditions for the storage of petroleum depend on the 
existence of an unbroken anticlinal roof, it naturally follows that 
strata which have long been exposed, even if originally petrolifer¬ 
ous, must have lost their petrohuin contents. Noetling’s division 
of the pre-Irrawadi beds of Upper Burma into an underlying petro¬ 
liferous and overlying non-petroliferous portion, merely coincides 
respectively with the exposed and subterranean portions of the bods. 
The uppermost exjiosed zones of the beds underlying the Irrawadi 
Series at Yenangyoung, Singu, and Yenangyat, undoubtedly belong 
approximately to the same geological horizon. If we take into ac¬ 
count the great differences of thickness of jire-lrrawadi strata in these 
three regions, we must necessarily conclude that the jietroliferous 
beds of Yenangyoung (apart, naturally, from some of those that 
may have been reached in the deepest borings) are cx])osed at Singu, 
where, from the mere fact of their being exposed, they must be non- 
petroliferous, and that the petroliferous beds of Singu are exjioscd 
at Yenangyat where they have, in their turn, become non-petroli¬ 
ferous. Therefore, the uppermost yietroliferous layers occujiy wide¬ 
ly divergent stratigraphical horizons respectively at each of these 
three localities. It is therefore incorrect to estimate the stratigraphi¬ 
cal position of any layer by measuring upwards, as has been done by 
Noetling, from the newest petroliferous horizon at the sejiaratc lo¬ 
calities. Considering the undoubted correspondence between the 
upper exposed portions of the pre-Irrawadi beds in the several areas, 
a correct approximation can only be obtained by measuring the 
thicknesses of the strata downwards from the base of the In'a\Yadi 
Series. A still closer approximation is obtainable where, as in the 
Singu-Yenangyat region, there is actually a stratigrajihical continu¬ 
ity between the exposed strata of the upper portion of the pre-Irra¬ 
wadi beds, and where, therefore, datum lines can be selected at a lower 
horizon than the base of the Irrawadi Series. 

Judging from Mr. Sethu Rama Rao’s detailed surveys, the thick¬ 
ness of pre-Irrawadi strata exposed at Singu is about 3,000 feet, of 
which ther lower 1,600 feet contain numerous intercalations of marine 
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fossiliferous layers, some of which yielded the Singu fossils dealt 
with by Noetling in his second monograph. A number of succes¬ 
sive fossiliferous bands have been separately mapped by Mr* Sethu 
Rama Rao who has, at the same time, obtained representative col¬ 
lections of their fossil contents* Up to the present, no differences 
have been observed in the faunas of these successive bands other 
than might depend on differences of facies. Various species occur 
indifferently at almost all horizons, sometimes in the lowest as well 
as in the uj)])ermost fossiliferous beds. For the present, therefore, 
the fauna may be treated as representing a single palaeontological 
stage. The si)eciiiiens dealt with by Noetling were principally ob¬ 
tained from two layers constituting the so-called ‘‘ zones of Meiocar- 
dia matavulgaris and Mylilus nicobaricus ” situated respectively at 
about 1,000 feet and 1,500 feet above the lowest exposed horizon. 

By combining the detailed surveys of the late Mr. Grimes and of 
Mr. Sethu Rama Rao, the thickness of strata at Yenangyat, accord¬ 
ing to various modes of inter])reting the correspondence between in¬ 
dividual layers in the Singu and Yenangyat areas, is to be estimated 
at from slightly loss than 4,000 feet, to slightly more than 5,000 feet. 
The main fossiliferous layer examined by Dr. Noetling at Yenang¬ 
yat, the so-called “ zone of Paracyathus coeruleus is situated at 
about 50 feet or less above the lowermost exposed beds. Even 
therefore by ado])ting a minimum estimate for the total thicknesses 
of exposed pre-lrrawadi beds at Yenangyat, the main fossiliferous 
layer must be situated at a much low^er horizon than the fossilife¬ 
rous stage of Singu. 

There is reason to believe that a stratigraphical gap exists bet¬ 
ween the Irrawuidi and pre-lrrawadi beds in the region of the oil¬ 
fields, although its existence has been questioned. Whether or not 
the existence of the stratigraphical gap be accepted, the succession 
along the western undisturbed flank of the Singu-Yenangyat anti¬ 
cline, at least in its more southern portion, seems very regular, with¬ 
out clear indications of erosion unconformity. Certain character¬ 
istic variegated kaolinic strata occupy a constant position at the up* 
per limit of the pre-lrrawadi beds. Yet, due caution is evidently ne¬ 
cessary in a region where a stratigraphical gap is at least suspected, 
and it is giatifying therefore to observe that, not only have the cha¬ 
racteristic boundary beds been followed from the Singu to the Yen¬ 
angyat region, but that the evidence deduced from them is corro¬ 
borated by the identification of some of the fossiliferous bands of 
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Singu in the Tenangyat region. A general account of the stratigra¬ 
phy has been published by Dr. Pascoe (ilfem. Geol. Surv. Ind., Vol. 
XL, pp. 104-114). Mr. ^thu Bama Bao’s detailed surveys have 
fully confirmed the wide discrepancy of level between the main fos- 
siliferous bed of Yenangyat and the oldest fossiliferous beds exposed 
at Singu. 

The Minbu anticline, owing to the distance at which it is situat¬ 
ed from Singu and Yenangyat, is less directly comparable. Here 
again, nevertheless, the general sequence of pre-lrrawadi beds appears 
to be essentially the same. Beckoning downwards from the base of 
the Irrawadi Series, the horizon of the fossiliferous layers that yielded 
the specimens dealt with by Noetling must be situated at a level 
somewhat lower than the lowest fossiliferous layers exposed at Singu, 
and intermediate between the fossiliferous stage of Singu and the 
main fossiliferous layer of Yenangyat. The character of the fauna 
confirms this conclusion as it is somewhat intermediate between that 
of Yenangyat and that of Singu. 

In ascending order, the succession of the three principal faunas 
of Upper Burma is therefore the following:— 

1 Yenangyat. 2 Minbu. 3 Singu. 

We still have to determine the relative position of the fourth 
standard fauna, that of Kama. In order to estimate the position 
of the fossiliferous beds of Kama relatively to those of the oil-fields, 
we must rely chiefly on the character of the fauna. The revision 
of the Burmese Tertiary fauna upon which 1 am engaged at present, 
has yielded results so distinct as to leave room for no further hesita¬ 
tion. While the Yenangyat, Minbu and Singu faunas are related 
to that of the Nari of western India and exhibit an oligocene cha¬ 
racter, the Kama fauna is distinctly miocene and is related to the 
Gkj fauna of western India. The Kama fauna must therefore be 
regarded as newer than the newest marine faunas of the oil-fields. 
The detailed evidence for this conclusion will be found in Parts II 
to IV of the present work. In addition to the data furnished by the 
faunistic characters, the conclusion is also corroborated by other 
circumstances which will be briefly alluded to further on. For the 
present, if we accept the relative age of the Kama fauna as sufficient¬ 
ly secure, let us consider the consequences of this attribution in re¬ 
lation to the succession of strata exposed in the Prome and Kama 
region. 
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Apart from the rocks attributed to the “ nummulitic,” the 
oldest stratigraphical unit recognised by Theobald in this region is 
an assemblage consisting principally of shales which were distin¬ 
guished as the Sitsayan shales after the name of a town situated on 
the right bank of the Irrawadi about half way between Kama and 
Prome. (Mem, Geol. Sure, Ind., Vol. X. 1874, p. 269). Theobald 
did not detect any fossils in the Sitsayan Shales. At the type-loca¬ 
lity, Sitsayan, I obtained, in 1913, close to the landing-place, speci¬ 
mens of fish teeth and scales, and of shells belonging to the genera 
Capulus, Corbula, Pecten, exhibiting the general facies of the fauna 
of the oil-fields, but not suSiclently well preserved for a thoroughly 
secure determination. Opposite Prome, the Sitsayan Shales are 
overlaid by Theobald’s division “ A ” of the Prome Series, about 
1,600 feet thick, consisting of alternating shales and sandstones, the 
sandstones somewhat prevailing. Immediately overlying the up¬ 
per limit of division “ A ” is a highly fossiliferous layer about 5 feet 
thick, containing abundant specimens of a s})ecies of Cytkerea, This 
layer was distinguished by Theobald a^s the “ Cytherea promensis 
bed or Prome sandstone.” (Rec- Geol, Surr, Ind., Vol. II, 1869, 
p. 80). The strata overlying the Cylherea 2 )rommsis bed again con¬ 
sist of alternating shales and sandstones, but this time with a pre¬ 
valence of shales. They are imperfectly seen opposite Prome be¬ 
cause the section is interrupted by the course of the Irrawadi. They 
are well exposed at Kama where they contain a particularly fossi¬ 
liferous horizon designated by Theobald as the Kama Clay or Kama 
Shale (Rec, Geol, Sure, Ind,, Vol. II, 1869, p. 273). These fossili¬ 
ferous clay beds are situated at about 700 to 1,000 feet above the 
uppermost limit of division “ A ”. They are not visible at Prome, 
because, as remarked by Theobald, their stratigraphical position 
must carry their outcrop into the bed of the Irrawadi opposite that 
city. A considerable thickness of marine strata further overlies 
the horizon of the Kama Clay, 

We must now observe that, if we accept the age of the fauna of 
the Kama Clay as newer than that of the ne.we8t well-characterised 
marine faima of the oil-fields, the stratigraphical position of the 
Sitsayan shales, relatively to the succession observed in the oil¬ 
fields, is fixed within rather narrow limits. The available palae¬ 
ontological data have fully established tue m'oeene character of 
the Kama Clay which is undoubtedly newer than the newest marine 
fauna of Singu which still maintains an oligocene character. The 
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interpretation that best suits the symmetry of the sequence at Kama 
and at Singu-Yenangyat is the one suggested in the present review, 
according to which the upper limit of Theobald’s division “ A ” 
"would lie at about the level of the newest marine fossiliferous beds 
of Singu. This would place the equivalent of the main fossiliferous 
horizon of Kama at 700 to 1,000 feet above that of the newest ma¬ 
rine fossiliferous beds of Singu. The upper limit of the Sitsayan 
shales of the Kama region would then approximately coincide with 
the horizon of the oldest beds exposed at Singu. Accordingly, 
the principal fossiliferous horizon of Minbu might occupy an ap¬ 
proximately central position within the Sitsayan Stage, within 
which the Yenangyat main fossiliferous horizon, though at a lower 
level, would still be included. 

As the Kama fauna, from its constitution, must be regarded as 
newer than the newest Singu fauna, we arc not at liberty to depart 
very much in a downward direction from the hypothesis here advo¬ 
cated. The Kama horizon must still be placed above the newest 
marine fossiliferous horizon of Singu. Even if we displace it as 
much as 500 feet below the position here accepted as most probable, 
and if, therefore, we lower the presumed equivalents of the Sitsayan 
Shales by that same amount, we shall merely bring the Minbu main 
horizon into the upper zones of the Sitsayan Stage and give a more 
central position, within the Sitsayan Stage, to the Yenangyat fauna. 
Even if purely gratuitous .suppositions of variations of thickness 
were brought into play, we would fail to exclude from the Sitsayan 
Stage the Yenangyat main fossiliferous horizon, unless we accepted 
a most unwarranted degree of stratigra])hical variation. With the 
data at present available, the most that could be obtained by forc¬ 
ing downwards the horizon of the Kama Clay to a somewhat im¬ 
probable extent, would be to shift the main centie of gravity of 
the Sitsayan Stage from the Minbu to the Yenangyat horizon, a 
dilBEerence of no serious consequence in the general scheme of the 
succession. 

If, on the contrary, we raise the equivalent level of the Kama 
Clay in the Singu section much higher than is regarded as probable 
in the present enquiry, the horizon of the Sitsayan Shales will be made 
to encroach upon the Singu marine fossiliferous stage, and the Sitsa¬ 
yan horizon will be raised to the uppermost limit of the oligocene. 
Such a supposition deviates so widely from ascertained facts that a 
serious discussion may be regarded as superfluous. 
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We should keep in mind that the terms “ sandstones ’’ and 
“ shales ” frequently used in describing the divisions of the pre- 
Irrawadi beds of this region, arc relative only, and merely refer to 
the preponderance of one or other of these elements. In most ins¬ 
tances, rigidly defined boundaries of the subdivisions have not 
been demarcated in the present state of the survey and could not 
be established without a vast amount of minutely detailed work. 
Yet the main divisions are recognisable, and if, in a preliminary 
scheme, they are acce])tcd as stratigraphical stages, they will be 
of use in attempting to unify the geology of this important and in¬ 
teresting region. 

The conclusions regarding the age of the Kama Clay relatively 
to the fossiliferous beds of the oil-fields were at first based entirely 
U])on the results of a careful re-examination of the Kama fauna. 
The geological surveys of U])])er and Lower Burma have not yet 
been continuously connected. Nevertheless we now possess evi¬ 
dence both of a pala‘ontological and stratigraphical character which 
further corroborates the conclusions originally arrived at from merely 
faunistic consideiations. 

In the type-locality, at Kama, the fossils yielded by the Kama 
Clay are neither very numerous nor very well pieserved. Yet they 
are readily determinable, and include a number of species ain])ly 
sufficient to provide sound data for com])arison with other fossili¬ 
ferous occuirences. In the country situated east of the eastern or 
left bank of the Irrawadi, at some distance to the north-east of Tha- 
yctmyo, Mr. Sethu llama Rao has discovered a number of out- 
cro])s where the Kama Clay assumes the character of a typical 
“ Pleurotoma-shale ” with a molluscan fauna of bewildering rich¬ 
ness. The sj)ecimens are admirably preserved, sometimes even show¬ 
ing traces of their original colours. The richest localities are : Tit- 
tabwe (19° 31', 95 °, 28'), Thanga (19° 32', 95° 23'), Myaukmigon 
(19° 31', 95° 24'), Myauktin (19° 26', 95° 22'), Ualabe (19° 37', 95° 
17'). Mr. Sethu Rama Rao has estimated th-jt these highly fos¬ 
siliferous layers are situated at about 1,200 feet below the base of 
the beds attributed *to the Iirawadi Series. In the region under 
consideration they constitute the highest readily recognisable ho¬ 
rizon of the pre-Irrawadi beds. Several years will be necessary to 
complete the study of the astonishingly rich fauna yielded by these 
beds, but the description is already far enough advanced to yield 
thoroughly reliable data. The examination of the Siphonostomata 
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is practically complete. These include no less than 165 fully iden¬ 
tified species of which complete descriptions already exist in manus¬ 
cript. In the Kama fauna of the type-locality, 22 Siphonostomata 
have been securely identified, of which three only, Clavatvla munga, 
DrilUa karnaensis, and Ebuma lutosa have not been recognised in 
the richly fossiliferous outcrops of eastern Thayetmyo \ The 
proportion of identical species is therefore so great as to imply com¬ 
plete identity between the fossiliferous clays exposed at Kama and 
those discovered by Mr. Sethu Rama Eao in eastern Thayetmyo. 
We can safely assert that, in eastern Thayetmyo, the Kama Clay 
occupies a high horizon in the pre-Irrawadi succession. 

Along both banks of the Irrawadi, in a northern direction from 
Thayetmyo to Singbaungwe (19° 43', 96°12'), wherever the lowest 
beds locally exposed become visible as the results of anticlinal struc¬ 
tures, the late Mr. Bion and Mr. Sethu Rama Rao have recognised 
a highly characteristic layer distinguished by the presence of three 
particular species belonging to the genera Dendrophyllia, Schizaster 
and Nucula. The Dendrophyllia and the Nucula agree specifically 
with some fossils yielded by the lowest fossiliferous beds exposed at 
Singu, so that Mr. Bion and Mr. Sethu Rama Rao came to the con¬ 
clusion that the oldest beds exposed in the anticlines in the country 
to the north and north-east of Thayetmyo belong to the same hori¬ 
zon as the oldest beds exposed at Singu. Strata approidmately 
on the horizon of the Dendrophyllia bed are exposed along an 
anticlinal rise at Leptanzeik (19° 24', 95° 14') about six miles north of 
Thayetmyo. They have yielded three determinable Siphonostomata :— 

Terebra quettensis n. sp., 

Surcula fusus n. sp., 

Trilonidea Mariiniana n. sp. 

Terebra quettensis cf. Vredenburg, Descriptions of Mollusca from the 
Post-Eocene Tertiary formation of North-Western India ; Cephalopoda, 
Opisthobranchiata, Siphenostomata. {Mem. Geol. Surv. Ind., unpub¬ 
lished volume), a characteristic fossil of the Nari of Baluchistan, is 
one of the commonest fossils of the Singu fauna. The extraordinary, 
and very easily recognisable shell designated as Surcula fusus, an 
illustrated full description of which will shortly appear, is known 

^ Ebuma hUoaa, a species still living, is known from the Oatrea laJtimarginaJta beds of 
the Pyalo anticline, east of the Irrawadi, almost opposite Kama, at a somewhat higher 
horizon than the Kama C9ay. 
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from Payagyigon (20° 43', 95° 4') in the Gwegyo anticline of Upper 
Burma (see: (^otter, Her. Geol. Snrv. Ind., Vol. XXXVI, p. 131, 
Vol. XXXVII, p. 230), where it occurs amidst a fauna of the Minbu 
type. Tritonidea Martiniana is one of the commonest fossils of 
Yenangyat, Minbu, and Singu, and of many other localities yield¬ 
ing the fauna of the oil-fields. 

The Siphonostomatous fauna of Leptanzeik, scanty though it 
may be, is thoroughly characteristic and entirely corroborates the 
conclusions arrived at by Mr. Bion and Mr. Sethu Rama Rao in 
placing the oldest beds exposed in the anticlines upon a horizon at 
least as low as that of the lowest beds exposed at Singu. We may, 
therefore, observe that, amongst the pre-Irrawadi beds of the coun¬ 
try situated to the north and north-east of Thayetmyo, the newest 
zones include beds containing the fauna of the Kama Clay, while 
the oldest exposed zones contain the typical fauna of the oil-fields 
of Upper Burma. We have, therefore, the direct evidence of visible 
superposition in confirmation of the conclusions arrived at from a 
study of the faunistic characters. 

It is not possible, at present, to estimate accurately the exact 
thickness of strata intervening between the equivalents of the Kama 
Clay and the Dendrophyllia Schizastcr zone in eastern Thayetmyo, 
because the precise degree to which the measurements are affected 
by subsidiary synclinal and anticlinal rolls cannot be exactly ascer¬ 
tained in the present state of the survey. The intervening thick¬ 
ness must certainly be reckoned by thousands of feet. The succes¬ 
sion is particularly clear at about the latitude of Nyaungbintha 
(19° 35', 95° 14') situated on the east or left bank of the Irrawadi 
about nineteen miles north of Thayetmyo and about five miles west 
by south of Dalabe. The latter place has already been mentioned 
as one of the richly fossiliferous localities discovered by Mr. Sethu 
Rama Rao as yielding the Kama Clay fauna. From Nyaungbin¬ 
tha which occupies an anticlinal axis where the Dendrophyllia- 
Schizaster zone is well exposed, the section continually ascends to 
Dalabe. Making the most generous allowance for the possible in¬ 
fluence of undetected rolls of the strata, the intervening thickness 
cannot be less than 2,500 feet and may be more. Not only has the 
superposition of the Kama horizon on that of the fossiliferous zones 
of the oil-fields been established in eastern Thayetmyo beyond all 
possibility of further doubt, but the available thiclmess of inter¬ 
vening beds is amply sufficient to allow the parallelifim which we 
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propose to recognise between the stratigraphical succession in the 
Prome-Eama region and that recognised in the region of the oil¬ 
fields of Upper Burma. In view of the great thickness of strata 
which, in eastern Thayetmyo, intervene between the equivalents 
of the Kama Clay and the DendrophyUia-Schizaster zone, the latter 
must correspond approximately with the upper limit of the Sitsa- 
yan Shales. At the same time, the DendrophyUia-Schizaster zone, 
on faunistic evidence, is known to correspond approximately with 
the lowest beds exposed at Singu. We are once more, therefore, 
led to the conclusion that the Sitsayan Shales essentially coincide 
with the strata underlying the Singu fossiliferous marine stage, 
and must coincide essentially with the Yenangyat-Minbu horizons. 

We have noticed that, in the neighbourhood of Kama, the Sit¬ 
sayan shales are succeeded by a thickness of about 1,500 feet of 
strata containing a considerable proportion of sandstones, which 
constitute division “ A ” of the Prome beds of Theobald’s classi¬ 
fication. If we are right in identifying the Yenangyat-Minbu main 
fossiliferous horizons with the Sitsayan Shales, then the Singu fos¬ 
siliferous stage must coincide with Theobald’s division A ” of 
the Kama section. Like Theobald’s division “ A ”, the Singu fos¬ 
siliferous stage includes a thickness of about 1,500 feet of strata. 

Dr. Murray Stuart has published a detailed geological map of 
the neighbourhood of Kama, in which, as a consequence of a misinter¬ 
pretation of Theobald’s original description, the position of tlie Kama 
Shale has been misplaced. {Rec. Geol. Svrv. Ind., Vol. XXXVIII, 
PI. 23). In this map the outcrop of the Kama Clay is shown about 
two noiles to the north-west of Kama, while the rock at Kama itself 
is referred to the “ Upper Prome ” as interpreted by Stuart, there¬ 
fore to the beds which, in Stuart’s revised scheme of classification, 
should underlie the Kama Clay. According to Theobald, the type- 
outcrop of the Kama Clay or Kama Shales is situated along the banks 
of the Irrawadi “ under ” Kama (iHfew. Geol. Surv. Ind., Vol. X, ]>. 
273). There are a few obscure exposures above Kama, but these 
could not be spoken of as under. The beds mapped by Stuart as 
“ KnTuft Clays ” outcrop at a considerable distance from the Irra¬ 
wadi river, and, if they were visible along its banks, their strike 
would carry the exposure above Kama and not below. Theobald’s 
^ype-exposure must therefore be sought below Kama, and is still 
recognisable along the slopes of a pagoda-crowned ridge close to the 
Irrawadi, at a short distance from the town in a south by east 
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Fig. 1.— Map of the country round Kami, showing Tlieobald's type outcrop of the 
Kama clay (scalf 1 in. Im.) 

Dr. Stuart on ro-vi.siting Kama, allhough too late to introduce 
this correction on the published map and report. There are seve¬ 
ral (two at lca.st) relatively narrow bands of shale, probably each 
of them less than fifty feet in thickness, intercalated amongst thick- 
bedded sandstones with an aggregate thickness of some 300 feet. 
That any of these bands should separately correspond with Noet- 
ling’s so-called “ zones of Area Theobaldi and ParalMipipedum pro- 
tortmmm ” is more than unlikely. The fossils from the several 
bands, all of which corrrespond specifically with forms already ob¬ 
tained by Theobald, all exhibit similar lithological characters which 
agree with those of the specimens in Theobald’s collection. Theo¬ 
bald did not separate into distinct zones the specimens in his col¬ 
lection which must have been gathered from the talus slope where 
alone there is a moderately abundant supply, but where the shells 
from different layers are mixed. 

According to Dr. Noetling, the fragments of enclosing rock at¬ 
tached to specimens which he refers to the “ zone of Area Theobaldi ” 
are of a bluish-green colour, while the rock associated with thQ 
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specimens referred to the “ zone of Parallelipipedum prototortuosum ” 
is more yellowish. The yellowish colour, at Kama as elsewhere, 
characterises those fragments of rock that are more weathered. 
The Kama fauna must be treated as representing a single palaeon¬ 
tological zone. 

The rocks to the north-west of Kama which Dr. Stuart, on the 
map already referred to, has erroneously referred to the Kama 
Shales are situated, stratigraphically, 1,000 feet or more above the 
level of Theobald’s Kama Clay. They consist principally of ill- 
exposed coarse grits in which the only recognisable fossils are large 
specimens of Ostrca latimarginaia and otoliths. Dr. Stuart informs 
me that these belong perhaps to the lower beds of his Akauktaung 
Series. We shall again allude to this question. (See below, 
pages 251 ff.) 

The recognition of the Ostrea latimarginaia horizon to the north¬ 
west of Kama is of the greatest importance since it brings the Kama 
sequence into complete harmony with that observed by Mr. Davies 
in the Pyalo anticline on the opposite bank of the Irrawadi, which 
has already been commented upon in a previous number of these 
Records (Vol. XXXVIll, p. 12S). According to the stratigraphi- 
cal details recorded by Mr. Davies, Ostrea latimarginaia, in the 
Pyalo anticline, occurs some 900 or 1,000 feet above the beds con¬ 
taining the Kama Clay fauna alluded to by Mr. Davies as the fauna 
of the “ zone of Parallelipipedum prototortuosum This, in its 
turn, was considered by Mr. Davies to be situated about 500 or 
600 feet above the upper limit of Theobald’s Division “A.” This 
is in total agreement with the succession ascertained at Kama where 
the Kama Clay lies at a horizon estimated as between 700 to 1,000 
feet above the upper limit of Theobald’s Division “A,” shown on 
Dr. Stuart’s map as “ Lower Prome Series,” while, about 800 to 
1200 feet above the Kama clay, occurs the zone of Ostrea latimar- 
ginata shown on the same map as ‘‘ Kama Clays.” 

Allusion has already been made to the fact that the fauna of 
the Kama clay is equivalent to the GJij fauna. In western India, 
Ostrea latimarginata characterises the Upper Gi.j. We may there¬ 
fore conclude that the Kama horizon corresponds with a portion 
of the Lower Gij, while the Ostrea latimarginata zone of the neigh¬ 
bourhood of Pyalo au8' Kama, which we may provisionally dis¬ 
tinguish as the Pyalo' zone or Pyalo stage, must coincide with tht 
Upper Ghj. 
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In the notice above alluded to, previously published in these 
Records, I stated that Ostrea latimarginata characterises the 
horizon of the Kama Clay. This notice was written before I had 
visited Kama, and the stratigraphical references were made in 
accordance with the scheme founded on the data then available. I 
hasten to add that the geological boundaries indicated on Dr. Stu¬ 
art’s map are perfectly accurate in all the localities which I have 
visited in the neighbourhood of Kama ; the necessary amendment 
merely affecting the interpretation of the subdivisions. 

If, upon Dr. Stuart’s map, we plot the type-locality of the Kama 
Clay according to the position above indicated, we find that the 
map entirely corroborates Theobald’s detailed account of the Prome 
beds in the Kama and Prome region ; for we then observe that the 
trend of the Kama Clay will approximately bisect the outcrop of 
the division mapped by Stuart as ‘‘Upper Prome.” If we follow 
this division southward from Kama towards Prome, we will observe 
that the outcrop of the Kama Clay must necessarily fall within the 
bed of the Irrawadi opposite Prome, exactly in the position inferred 
by Theobald. 

The recognition of the true horizon of the beds characterised 
by Ostren latima ginata, or, as we may provisionally call it, the Pyalo 
Stage, adds another palajontological argument to the stratigraphi¬ 
cal evidence in favour of regarding Theobald’s Division “ A ” as 
the equivalent of the Singu fossiliferous stage; for the infraposi¬ 
tion of the Kama Clay beneath the zone of Ostrea latimarginata, 
taken in connection with its faunistic relationship to the 6aj, neces¬ 
sarily places it on the level of the Lower Gaj. As the Sitsayan 
Shales correspond with the Yenangyat-Minbu fossiliferous beds which 
contain a fauna of Nari character, presumably referable to the Low¬ 
er Nari, there only remains the intervening Division “ A ” to re¬ 
present the Upper Nari, We have already shown that the Singu 
fossiliferous stage, from stratigraphical as well as from palaeonto¬ 
logical evidence must also be regarded as equivalent to the Upper 
Nari. We have therefore every reason to regard the Singu fossili¬ 
ferous stage of Upper Burma and Division “A” of Lower Burma 
as equivalent. 

It will be noticed that the succession recorded in the present 
review conflicts with the conclusions arrived at in 1910 by Dr. 
Stuart who then regarded the Kama fauna as older than that of 
the oil-fields. Dr. Stuart’s opinion which, at that time, was fully 

0 
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shared by Mr. Cotter and by myself, was founded on a study of the 
material then available, which clearly showed that the Kama fauna 
widely differs from that of the oil-fields of Upper Burma and can¬ 
not be intercalated amongst any of the fossiliferous zones then re¬ 
cognised in Upper Burma {Rec, Geoh Svrv, Ind., Vol. XXXVIII, 
p. 287). The Kama Clay, therefore, differs in age from the totality 
of the marine fossiliferous sequence of the oil-fields of Upper Burma, 
and must be either newer or older than the fossiliferous series of 
Upper Burma. The evidence then available seemed to indicate an 
older age. The study of the molluscan post-eocene faunas had at 
that time scarcely been commenced, while the available collec¬ 
tions of fossils from Burma were still relatively scanty. To Dr, 
Stuart is due the credit of having for the first time clearly detected 
the autonomy of the Kama fauna, while the present amendment 
to the stratigraphical conclusions that were arrived at more than 
ten years ago is the result of the study of a vastly increased amount 
of palaeontological and stratigraphical data. 

Although the relative position of the Kama fauna can no longer 
be doubted, we may nevertheless, in the light of the now available 
data, enquire into the possible consequences of an acceptance of 
the original conclusion as to the supposed position of the Kama 
horizon below that of the fossiliferous series of the oil-fields. 

Throughout the area surveyed in the neighbourhood of Ngape, 
in the Minbu district, Mr. Cotter observed a band of shales which 
is situated, on an average, some 5,000 feet below the base of the 
Irrawadi Series, and which contains the various fossil species of the 
Yenangyat-Minbu fauna. These shales and their equivalents, which 
have received various local names, such as “ Padaung Clay ” (Rec. 
Oeol. Surv. Ind., Vol. XLIV, p. 165), “ Kinmungyon Shales ” 
(Rec. Geol. Surv, Ind., Vol. XLV, p. 249), were originally regarded 
by Cotter (Rec. Geol. Surv. Ind., Vol. XLI, p. 224), as the probable 
representatives of the Sitsayan Shales. All reasonable doubt as to 
this correlation has been removed by the data now available. Along 
the further northward extension of the same belt, from Ngape 
to Ngahlaindwin, numerous detailed sections surveyed by the late 
Mr. Bion, by Mr. Cotter, Mr. Cunningham Craig, Mr. Lewer, Dr. 
Porro, Mr. Sethu Bama Rao, and other able geologists, have re¬ 
vealed the continuous outcrop of this same shale band, invariably 
at the same stratigraphical horizon, and invariably containing the 
yenan^ftt-Minbu faupa. 
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Between the lower limit of these shales and the upper limit of 
the undoubtedly eocene rocks constituting the Yaw Stage of 
Mr. Cotter, there intervene some 3,000 feet of strata, largely arena¬ 
ceous, which Mr. Cotter has distinguished as the Shwezetaw Sand¬ 
stone {Bee, Geol, Svrv, Ind., Vol. XLIV, p. 165; Journ, As, Soc. 
Bengal, new ser., Vol. XIV, p. 416), The Shwezetaw Stage is poorly 
fossiliferous. The only securely identified fossil so far known from 
that horizon is a large AmpulUna closely related to Ampullina eras- 
satina. It is, therefore, a species of oligocene facies. Underlaid as 
it is by undoubtedly upper eocene beds and overlaid by undoubtedly 
oligocene strata, presumably referable to the middle oligocene, the 
Shewezetaw Stage can only be lower oligocene. This conclusion ac¬ 
cords with the characters of the solitary, well-preserved fossil which 
it has, so far, yielded. 

If, then, the Kama Clay were older than the main fossiliferous 
beds of the petroliferous anticlines, we should be compelled to re¬ 
gard it as the equivalent of the Shezetaw Stage. Stratigraphically, 
the possibility of this supposition is now disposed of by the researches 
of Mr. Bion and Mr. Sethu Rama Rao in Eastern Thayetmyo where 
the Kama fauna clearly overlies the fauna of the oil-fields. Palse- 
ontologically, the now well established miocene character of the 
Kama fauna also renders this supposition untenable. 

From whatever point of view we may consider the problem with 
the data now available, we are always led to the same result: the 
fauna of Kama is not older than that of the petroliferous anticlines 
of Upper Burma, but is, on the contrary, newer. 

In thus amending our previous conclusions, it is but fair to note 
that many points that appear self-evident at the present day were 
involved in obscurity ten years ago. Mr. Cotter’s description of 
the Ngape section which marks the first great advance in the later 
progress of the study of Burmese geology, was published two years 
after Dr. Stuart’s valuable survey of the Prome and Kama region. 
Both stratigraphically and palseontologically the study of Tertiary 
geology in Burma and in other parts of continental India has ad¬ 
vanced enormously during the last ten years ; while, thanks to the 
researches of many able scientists, amongst whom we may specially 
mention Tobler, Douvill6, Miss Provale, Miss Osimo, Rutten, Schep- 
man, and especially Mr. and Mrs. Martin, the same period has wit¬ 
nessed a quite unparalled advance in the study of the Tertiary for- 
jnatioRs of the I^dia^ archipelago. For Java in particular, it is no 
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exaggeration to say that the magnificient results of Mr. and Mrs. 
Martin’s expedition of 1910, have established the stratigraphy of 
the Tertiary in that region on as sound a basis as that of some of 
the best known Tertiary regions of Europe, and have marked 
the commencement of a new era in the study of the Tertiary Geology 
of the East-Indies. We are also only just beginning to realize the 
vast importance of Cossmann’s study of the late Tertiary forma¬ 
tion of Karikal. 

Under the circumstances, the radical change at which we have 
arrived in our present conception of the stratigraphical relationship 
of the Kama zone implies no disparagement of the excellent work 
performed by the able pioneers who have first contributed precise 
data towards the unravelling of this difficult problem. We may 
now take it as settled beyond the possibility of further doubt that 
the Kama fauna is newer than any of the three main faunas of the 
petroliferous region. The true sequence, in ascending order, of the 
four principal faunas dealt with by Noetling is therefore as follows : — 

1. Yenangyat. 

2. Minbu. 

3. Singu. 

4. Kama. 

These remain the four standard post-eocene faunas of Burma, 
upon a comparison with which we have to depend for the more or 
less successful classification of all the post-eocene formations of 
that region. 

During the last decade, considerable progress has been made in 
the study of the post-eocene molluscan faunas of Burma and western 
India. The completion of this research will require many years, 
but the greater part of the Siphonostomata amongst the gastropods 
have been described, and some of the results are already in course 
of publication. In connection with this investigation, a consider¬ 
able portion of Noetling’s monograph of the post-eocene fauna of 
Burma has been revised, and the object of the present note is to 
place on record the amendments necessitated in Noetling’s determi¬ 
nations. 

The number of forms now identified from amongst the post¬ 
eocene Siphonostomata of Burma greatly exceeds that of the deter¬ 
minable representatives of that group amongst the collections stud¬ 
ied by Noetling. We hope that an opportunity will soon arise 
for discussing the stratigraphical and palaeontological results of their 
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study. The Tertiary faunas of Burma occupy a position of unique 
importance in the geology of Asia, as forming the most efiBcient 
link that we possess for comparing the stratigraphy of the Indian 
Archipelago and Philippines with that of Europe; for it contains 
numerous forms in common, on the one hand, with the Teitiary 
faunas of the Eastern Islands, and, on the other hand with the Ter¬ 
tiary faunas of western India ; and, while the faunistic connection 
of the Tertiary formations of the Archipelago with those of Europe, 
is practically wt7, the faimas of western India, during the periods 
coinciding with the marine transgressions, especially in the middle 
eocene and lower oligocene, exhibit a considerable intermingling 
with the European faunas, the exact" equivalence of the Tertiary 
sequence in western India being thereby established on a secure 
basis. Consequently the faunas of western India afford now a 
means of identifying the formations of Burma with a degree of pre¬ 
cision hitherto unknown; and these, in their turn, afford now a 
most useful clue to the interpretation of the geology of the Indian 
Archipelago. 

For the present, it will be sufficient to indicate what are the 
main conclusions so far arrived at. The Yenangyat and Minbu 
faunas are closely connected with the lower Nari fauna of western 
India, the age of which is either lower oligocene, or more probably 
middle oligocene. The beds containing the Minbu-Yenangyat fauna 
are separated from the lower limit of the oligocene by the whole 
thickness of the Shwezetaw sandstone, and, from the upper limit 
of the oligocene, by the whole thickness of the Singu fossiliferous 
stage. Their age may safely, therefore, be regarded as approximate¬ 
ly middle oligocene, that is, approximately Stampian, the Minbu 
fauna being situated nearer to the upper limit of the Stampian than 
the fauna of Yenangyat. 

The Singu fauna, as shown by the stratigraphy, is newer than 
the Yenangyat-Minbu horizon. It is still closely related to the Nari 
fauna, though it shows a certain admixture of forms characterising 
the Gaj of western India, or the Burmese equivalents of the Gaj, 
It is therefore, faunistically somewhat intermediate between the 
Lower Nari and the Gkj, and evidently occupies a correspondingly 
intermediate stratigraphical position coinciding with that of the 
Upper Nari. 

The Kama zone is unquestionably the equivalent of the Lower 
Ghj of western India and of the Bembang Series of Java. 
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(3) Dr. Noetling’s Zones.’’ 

(a) Preliminaby remarks. 

We may next enquire into the relative stratigraphical position 
of the various “ zones ” of Noetling’s nomenclature. Noetling has 
endeavoured to Jdistinguish, both in Lower and in Upper Burma, a 
number of palseontological zones, each of which has been named after 
a particular species. These species have not been selected accord¬ 
ing to the principle generally recognised in stratigraphical classifi¬ 
cations, whereby a particular division should be characterised by a 
form whose range is truly restricted to that particular division. 
If we consult the lists of fossils published by Noetling, we will fre¬ 
quently observe that a certain form is recorded from so-called zones 
other than the one bearing the name of the particular fossil, Either 
then the supposed zones are not well-defined stratigraphical units, 
or else the forms selected are not true zone-fossils. Noetling’s me¬ 
thod is to name the supposed zone after a form that happens to be 
particularly abundant at the locality yielding the fauna under con¬ 
sideration. This method cannot lead to any useful results. As 
has been judiciously remarked by Dr. Stuart {Rec. Geol, Surv. 
Ind.f Vol. XXXVIII, p. 264), a species such as Cytherea erydna 
which is living at the present day, cannot be used as a characteristic 
zone-fossil for a particular subdivision of the miocene; for, if the 
species already existed in miocene times, its existence obviously 
was continued throughout every intervening stage down to the pre¬ 
sent epoch. We may mention en passant that the form thus desig¬ 
nated by Noetling does not coincide with the living shell to which 
it has been referred. A preliminary examination of the available 
specimens has shown that they are closely related to another living 
form, Cytherea florida Lam, though it is uncertain whether they are 
specifically identical. Until an opportunity arises for a complete 
study of this shell, it will be wise, when referring to it, to continue 
to use Theobald’s original designation of Cytherea promensis. At 
any rate, the shell does not characterise solely Theobald’s “ Cytherea 
prom^nsis bed or Prome sandstone,” for it is just as abundant in 
the Kama zone and in the overlying zone of Ostrea latimarginata, 
and perhaps even higher. Dr. Stuart has already commented on 
the extensive range of this species {Rec. Geol Surv. Ind., Vol. 
XXXVIII, p. 283). 
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While recognising that the designations adopted by Noetling 
for the various zones are unsatisfactory, we must nevertheless en¬ 
quire into their stratigraphical and palaeontological value. 

Dr. Noetling has established two sets of zones respectively for 
Lower and Upper Burma. The zones of Lower Burma, in the order 
regarded by Dr. Noetling as their probable ascending succession 
are the following:— 

(7) Zone of Turritdla acuticarinata, 

(6) Zones of Ostrea peguensis and Ostrea promensis. 

(6) Zones of Area Theohaldi. 

(4) Zone of Paralldipipedum prototortuosum. 

(3) Zone of Photos orientalis, 

(2) Zone of Aricia humerosa. 

(1) Zone of Cytherea erydna. 

In Upper Burma, seven zones containing marine fossils were 
defined, the sequence of which, in ascending order, was supposed 
to be as follows :— 

(7) Zone of Cardita tjidamarensis. 

(6) Zone of Mytilus nicobaricus, 

(6) Zone of Meiocardia metavulgaris. 

(4) Zone of Dione dxtbiosa, 

(3) Zone of Cancellaria martiniana. 

(2) Zone of Paracyathus ewndeus. 

(1) Zone of Anoplotherium birmanicum. 

To these was added an estuarine bed, the so-called “ zone of Cyrena 
Crawfurdi ” regarded as equivalent to the zone of Cardita ijidama- 
rensis or to the zone of Mytilus nicobaricus. 

Out of these fifteen “ zones,” six have already been dealt with in 
the foregoing pages : these are zones 4 and 6 of Lower Burma, the 
so-called zones of ParcUlelipipedum prototostuosum and Area Theo- 
baldi which represent the Kama Clay; and, in Upper Burma, zones 
2, 3, 5 and 6, of which zone 2, the so-called “ zone of Paracyathus 
coeruleus ” represents the main fossiliferous layer of Yenangyat, 
zone 3, the so-called “ zone of Cancellaria Martiniana ” coincides 
with the main fossiliferous horizon of Minbu, while zones 5 and 6, 
the so-called zones of Meiocardia metavulgaris and Mytilus nicoba% 
rums, coincide with two of the principal fossiliferous layers of the 
Singu fossiliferous stage. 
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There still remain to be considered five of the Lower Burma 
zones, those numbered 1, 2, 3, 6 and 7 in the above tabulated list 
and four zones from Upper Burma, those numbered 1, 4 and 7 to¬ 
gether with the “ zone of Cyrena Crawfurdi,^^ 

(b) The “ ZONE op Turritella amUcarinata,''^ 

Several of these zones must be definitely or provisionally dis¬ 
carded. We must, in the first place, entirely leave out of account 
zone 7 of Lower Burma, the so-called “ zone of Turritella a^utica- 
rinala^^ from which no fossils are available, of which the exact lo¬ 
cality is ill-defined, the exact horizon uncertain, and the designation 
of which rests on the mere surmise that the fossil referred to by 
Theobald in his allusion to certain beds of which the exact locality 
is not recorded (Mem, GeoL Surv. Ind,, Vol. X, pp. 275, 281), may 
be a particular form of Turritella which occurs abundantly at many 
spots in the Tertiary beds of Burma, and which Dr. Noetling has 
referred to T. cuiuticarinata Dunker. Even if the surmise should 
prove to be correct, the form in question has an extremely extensive 
geological range and is quite useless by itself for fixing the age of 
the strata in which it may occur. 

(c) The “zone of Pholas orientalis,^^ 

There are two other so-called zones represented by fossils from 
Lower Burma for which the exact locality is unknown, though there 
appears to be reason to believe that the specimens were obtained 
from the neighbourhood of Thayetmyo. They are represented by 
two different sets of fossils for which Noetling established the so- 
called zones of Pholas orientalis and Aricia humerosa. 

In attempting to refer these so-called zones to their correct stra- 
tigraphical horizons, we have no other guide but the fossil collec¬ 
tions. The sequel of the present note will show that, even amongst 
the figured specimens of the collections dealt with by Noetling, 
there are numerous instances in which forms belonging to one spe¬ 
cies have been referred to different species or even genera, or else 
in which, conversely, forms belonging to several species or even 
genera have been referred to a single species. From this it neces¬ 
sarily follows that no reliance can be placed upon the lists of fossils 
published by Noetling for the different fossiliferous occurrences, 
especially when they refer to unfigured forms as they often do to 
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a large extent. It is necessary to check every identification, a 
course which, for the unfigured forms is often unpracticable, as the 
specimens are often not available, or else frequently consist of spe¬ 
cifically indeterminable fragments. The Museum contains many 
unfigured specimens from Noetling’s and Theobald’s collections that 
have either been labelled by Noetling himself, or else have been de¬ 
termined by comparison with the descriptions in Noetling’s second 
monograph. Whenever there has arisen an occasion of referring to 
these collections, numerous errors of identification have been de¬ 
tected. 

We must, therefore, entirely disregard Noetling’s published lists, 
and we can depend on no other data but the figured specimens or 
such unfigured specimens as have been critically examined. At pre¬ 
sent, we are not acquainted with a single recognisable fossil from the 
so-called zone of Pholas orientalis. Eventually some characteristic 
forms may perhaps be recognized after the critical examination of 
the Tertiary Lamellibranchiata has been completed. For the pre^ 
sent, the so-called “ zone of Pholas orientalis ” must be provisionally 
discarded. 


(rf) The “ ZONE of Arida humerosa.” 

From the so-called “ zone of Aricia humerosa ” we are at present 
acquainted with only three forms the specific determination of 
which may be regarded as sufficiently secure. These are:— 

Conus Ickei Martin, 

Clavilithes seminud^is Noetl. 

Cyprcea sinyuemis. 

The form last named is the one erroneously identified by Noetling 
as “ Aricia humerosa,^* Conus Ickei has not been found elsewhere 
in Burma, and occurs in Java at an unknown geological horizon, 
Clavilithes scminudus occurs in Burma at every horizon from the 
Yenangyat zone to the Kama zone. For determining the age of 
the fauna, there only remains, therefore, Cyprcea singuensis^ the 
most characteristic fossil of the Singu fossiliferous stage. As will 
be shown in the descriptions of the fossil Cyprseid® of India which 
we hope shortly to publish, Cyprcea singuensis is a true zone-fossil. 
It is imdoubtedly a mutation of a form which will be describad as 
Cyprcea iravadica which characterises the Minbu horizon. The so- 
called zone of Arida humerosa ” is newer, therefore, than the age of 
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the Yenangyat-Minbu fauna, and equally so than that of the 
Sitsayan Shales. The upper limit of the vertical distribution of 
Cyprcsa singuensis is not known at present, and, from the data at 
present available, we cannot fix with absolute accuracy the level of 
the so-called “ zone of Aricia humerosa,^^ Noetling placed it pro¬ 
visionally above the horizon of the Cytherea promensis bed. The pre¬ 
sence of Cyprcea singuensis rather suggests that it belongs to Theo¬ 
bald’s Division “ A ” underlying the horizon of the Cytherea pro^ 
mensis bed, since it has been shown that the Division “ A ” is the 
equivalent of the Singu fossiliferous stage. In assigning to the so- 
called “ zone of Aricia humerosa ” an age newer than that of the 
Cytherea promensis bed, Noetling was influenced by Theobald’s 
statement that Division “ A ” is unfossiliferous. We know now, 
from the researches of Dr. Stuart {Rec. Geol. Surv. Ind., Vol. 
XXXVIIT, p. 263) that this horizon contains fossils, though none 
of them have been sufficiently closely examined to be made use of 
for purposes of stratigraphical comparison. There appears to be 
some reason for believing that the fossils of the so-called “ zone of 
Aricia humerosa ” were obtained in the neighbourhood of Thayetmyo; 
an occurrence which favours the conclusion that they may belong 
to a horizon older than that of the Cytherea promensis bed, for we 
know that the neighbourhood of Thayetmyo undoubtedly includes 
outcrops of strata older than that particular bed. The type-locality 
of Lepidocyclina Theobaldi is imdoubtedly close to Thayetmyo. I 
vainly sought to recover the type-locality of this important species 
in 1913. The original outcrop may have been hidden or destroyed 
since the time of Theobald’s survey, but Theobald’s indication of 
its situation admits of no ambiguity. The fossil is said to occur 
in a hardish sandstone on the bank of the Irrawadi, a little above 
the lime-hill ( Mem. Geol. Surv. Ind., Vol. X, p. L75), the “ lime-hill ” 
in question being the hill containing limestone and also coal which 
is situated close to the Irrawadi, about four miles south by west of 
Thayetmyo. From Mr. Cotter’s survey of the Ngape section, we 
know that L pidocyclina Theobaldi is the characteristic zone-fossil 
of the horizon containing the Yenangyat-Minbu fauna correspond¬ 
ing with the horizon of the Sitsayan Shales (7 ec. Geol. Surv. Ind., 
Vol. XLI, p. 232). Close to Thayetmyo there are, therefore, expo¬ 
sures of rocks coinciding with the horizon of the Sitsayan Shales 
and consequently older than the Singu fossiliferous stage, not to 
mention tjiMS lime-hill ” itself which is apparently eocene. 
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Moreover, we have already observed that, north of Thayetmyo, 
the oldest beds exposed in the neighbourhood of the Irrawadi include 
the Dendrophyllia-Schizaster zone, regarded by the late Mr. Bion and 
by Mr. Sethu Rama Rau as approximately equivalent to the base 
of the Singu Stage. Six miles north of Thayetmyo, at Leptanzeik, 
there occurs a fossil fauna related to that of Singu. 

There is every reason, therefore, to believe that the equivalent 
of the Singu fossiliferous stage is extensively exposed near Thayet¬ 
myo. The fossils of the so-called “ zone of Aricia humerosa ’’ may 
very well, therefore, have been obtained from that horizon. That 
they may have been obtained, as suggested by Noetling, from a 
level higher than that of the Cytherea promensis bed is certainly 
possible, but it is far more probable that they belong to the hori¬ 
zon of the Singu fossiliferous stage. 


(e) The “ zone of Cytherea erycina.^^ 

As already explained, Noetling's “ zone of Cytherea erycina ” 
corresponds with Theobald’s “ Cytherea promensis bed of which 
the horizon is well known, as this stratum immediately rests upon 
the uppermost bed of Theobald’s division ‘‘ A Since this divi¬ 
sion “ A ” is regarded as the equivalent of the Singu fossiliferous 
stage, the Cytherea promensis bed is either equivalent to the upper¬ 
most zone of the Singu fossiliferous stage, or belongs to a slightly 
higher level. 

As has already been explained (see above, page 244), the fossil 
after which this zone has been named does not correspond with Cy~ 
therea erycina, but is closely related to Cytherea jlorida if not speci¬ 
fically identical. For the present it must be designated as Cytherea 
promensis. Moreover it is not a true zone-fossil, since it has an ex¬ 
tensive vertical range. 

Up to the j)resent, only three forms have been securely identi¬ 
fied from the Cytherea promensis bed:— 

Conus {Lithoconus) odengensis var. birmanica, 

Andlla {Spardla) birmanica, 

Melongena (Pugilina) preeponderosa. 

These designations will be defined in the second and third parts 
of the present note. 

Conus odengensis is represented by a form which does not cor¬ 
respond either with the typical form occurring in the Kama horizon. 
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or with the variety avaensis which characterises the Minbu and 
Singu horizons. Andlla birmanica has been obtained by Mr, Sethu 
Rama Ran at Myauktin from beds which are on the horizon of the 
Kama Clay. Melongena prceponderosa is known from the Minbu 
and Singu horizons, and from the equivalents of the Kama Clay. 

The small fauna at present identified is, therefore, uncharacter¬ 
istic, yet it is consistent with the stratigraphical position of the bed. 

(/) The zones op Ostrea peguensis and Ostrea proniensis, 

Noetling was not acquainted with the original locality of the 
fossils which he designated as Ostrea peguensis and 0. promensis, 
and which, owing to a fancied difference in the appearance of the 
rock adhering to the specimens, he referred to two possibly distinct 
zones. 

As already stated on a previous occasion {Rec. Geol. Surv. Ind., 
Vol. XLI, pp. 37, 40), the locality of the fossil described as Ostrea 
promensis is known from a label in Theobald’s hand-writing. The 
specimens were obtained from the southern Pegu Yoma, about 50 
miles north by west of Rangoon. There is no label with the speci¬ 
mens described as Ostrea peguensis which were probably obtained 
from the same bed at the same locality. The note above alluded to, 
further established the specific identity of Ostrea peguensis and 
Ostrea promensis respectively with Ostrea Virleti Desh, and Ostrea 
digitata Eichw., both of which occur in the Mekran Series of Balu¬ 
chistan. 

Ostrea Virleti and Ostrea digitata both occur in the Akauktaung 
Series which has been regarded as possibly a marine equivalent of 
the fresh-water Irrawadi Series of Upper Burma. The data for 
fixing the equivalence of the Irrawadi Series are rather scanty. Cor¬ 
rectly identified fossils are known from one locality only, Yenang- 
young, where, distributed through the lower 2,000 feet of the Irra¬ 
wadi Series, there occur mammalian remains which, according to 
the valuable researches of Dr. Pilgrim {Bee, Geol. Surv. Ind., Vol. 
XL, p. 196), indicate the horizon of the “ Middle Siwalik ”, equiva¬ 
lent to the Pontian. The uppermost pre-Irrawadi strata of Yenang- 
young are undoubtedly the same as those of Singu. The character¬ 
istic variegated kaolinic clays which distinguish the upper horizons 
of the pre-Irrawadi beds at Singu and in the southern part of the 
Yenangyat anticline, and which have already been alluded to (see 
above page 229) are also observed at Yenangyoung. If the upper- 
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most pre-Irrawadi beds of Singu are the same as those of Yenang- 
young, we are justified in identifying corresponding beds at both 
localities by measuring downwards from the base of the Trrawadi 
Series. We must therefore conclude that the base of the Irrawadi 
Series at Yenangyoung is situated at about 1,500 feet above the 
equivalents of the highest level of the Singu fossiliferous stage. We 
have already observed that the Singu fossiliferous stage is not newer 
than oligocene. As the base of the Irrawadi Series already contains 
a fauna of upi)ermost miocene age, there must be a stratigraphical 
gap of some importance below the Irrawadi Series, unless we suppose 
that practically the whole of the miocene is compressed within the 
1,500 feet of strata intervening between the summit of the Singu 
fossiliferous stage and the base of the Irrawadi Series, a contingency 
which, although possible, is improbable in view of the considerable 
average development of the various geological stages in the Irrawadi 
region of Burma. 

Let us now consider what are the available data for estimating 
the age of the Akauktaung Series of Lower Burma. The two cha¬ 
racteristic species of Dr. Noetling’s “ zones of 0. peguensis and 0. 
promen sis, that is 0. Virlefi and 0. digitata have both been dis¬ 
covered together by Dr. Stuart near Yethyauksan (18 ® 26', 95 ° 
21 '), some five miles north of Pauktaing in Henzada {Rec. Geol, 

Snrv, Ind., Vol. XLI, p. 245). According to Dr. Stuart’s surveys, 

the Akauktaung Series is unconformable to the beds containing the 

fauna of the Kama Clay. Dr. Stuart is of opinion that the Ostrea 

lafimarginata beds of Kama and Pyalo may represent a basal member 
of the Akauktaung Series, but that this supposition needs further 
confirmation. Ostrea lafimargincUa and the fossils associated with 
it cannot, therefore, safely be taken into account in attempting to 
estimate the equivalence of the Akauktaung Series. As securely 
identified species safely referable to the Akauktaung beds, there 
only remain then the four species of Ostrea recorded by Dr. Stuart 
{loc, cit. supra), namely 0. Virleti, 0. digitata, 0. gingensis, and a 
form probably referable to 0. crassieostata. All four of these forms 
are amongst the characteristic fossils of the lower zone of the Mek- 
ran Series of Baluchist&n which it is proposed, in a separate note, 
to distinguish as the Talar Stage, after the richly fossiliferous beds 
of the Talar Pass, along the northern flanks of the Talar mountains, 
some 60 miles north-east of Gw&dar. The evidence afforded by 
their presence clearly encourages the supposition that the Akauk- 
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taung Series partly coincides with the Talar Stage. Ostrea gingensU 
is a form of wide stratigraphical range occurring at all horizons of 
the miocene. Ostrea Virleti and 0, digitata are not known from any 
strata that can unhesitatingly be referred to an age as low as bur- 
digalian. Formerly, the beds now classified in the Talar Stage 
of western India were attributed by me to the middle miocene, and 
were thought to reach downwards to the limit of the burdigalian. 
The study of the rich fauna of gastropods from the Talar Stage has 
now advanced far enough to make this view untenable. The pro¬ 
portion of living species is so great that the Talar fauna cannot be 
regarded as older than Pontian. It approximately corresponds with 
the horizon of the Odeng beds of Java of which it contains, in extreme 
abundance, the most characteristic species, Mdongena pmderosa. 

If we admit the equivalence of the 0. Virleti and 0. digitata 
beds of the Akauktaung Series with the Talar Stage, the interpre¬ 
tation of their position in the Burmese sequence becomes very simple: 
they must evidently then correspond with the Irrawadi beds of Up¬ 
per Burma, the lower portion of which contains, at Yenangyoung, 
a vertebrate fauna the age of which has been determined by Dr. 
Pilgrim as Pontian (Eec, Geol. Svrv, Ind., Vol. XL, jk 196). This 
is indeed the conclusion originally arrived at by Dr. Stuart. 

We must nevertheless take into consideration the possibility 
that the Ostrea latimarginata beds of Kama and Pyalo may repre¬ 
sent a basal member of the Akauktaung Series. So far as can be 
judged from our present experience, 0. latimarginata characterises 
an older horizon than 0. Virleti and 0. digitata. Dr. Stuart informs 
me of having found, in Henzada, a fragment of a valve of 0, lati¬ 
marginata together with the usual Ostrea species of the Akauktaung 
beds, though under circumstances which do not preclude the pos¬ 
sibility of its being a derived fossil. Future research may enable 
us to modify our views as to the distribution of these various spe¬ 
cies of Ostrea. For the present, we are justified in believ¬ 
ing that the range of 0. latimarginata on the one hand, and, on 
the other hand, the range of 0. Virleti and 0. digitata do not mutual¬ 
ly encroach upon one another, and that strata characterised by O. 
latimarginata must be older than other strata characterised by 0, 
Virleti and 0. digitata. 

Dr. Stuart has discovered 0. Virleti and 0. digitata in the basal 
members of the Akauktaung Series at Tethyauksan, the locality 
already, alluded tQ. This obs^atiou n^ed not necessarily con* 
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j5ict with the admission into the Akauktaung Series of the 0. lati- 
marginata beds of Kama and Pyalo, for in a series of such great 
thickness as the Akauktaung beds, the basal members need not be 
necessarily everywhere on the same horizon. If the 0. latimarginata 
beds of Kama and Pyalo really belong to the Akauktaung Series, 
all that we need suppose is that the base of the series is more cur¬ 
tailed at Yethyauksan than at Kama and Pyalo. This interpreta¬ 
tion affects the geological age of the Akauktaung Series in so far as 
we cannot attribute an age newer than middle miocene to the strata 
with 0. Virleti and 0. digitata since we must allow for a sufficiently 
close connection with the 0. latimarginata beds, regarded as burdi- 
galian. According to this interpretation, the 0. Virleti and 0. 
digitata horizon of the Akauktaung Series would be approximately 
equivalent to the stratigraphical gap below the Irrawadi Series of 
Upper Burma. The 0. Virleti and 0. digitata beds of the Akauk¬ 
taung Series would then correspond with the Tjilanang Series of 
Java rather than with the Odeng beds. The Akauktaung Series 
attains a considerable thickness, as much as 4,000 feet, so that, 
even if we adopt this interpretation, its upper portion, at least, would 
still probably coincide with a portion of the Irrawadi Series of Up¬ 
per Burma. 

The choice between these two alternative interpretations has a 
very important bearing upon the nature of the basal unconformity 
of the Akauktaung Series, If the unconformity is situated below 
the zone of 0. latimarginata, the stratigraphical gap must have be¬ 
come extremely reduced or even completely obliterated at Kama 
and at Pyalo where 0. latimarginata. a species which we regard as 
characterising the Upper G4j, is separated by several hundred feet 
of underlying strata from the Kama Clay fauna which we consider 
to be referable to the Lower 64j ; a disposition which does not ne¬ 
cessitate the assumption of any unconformity. On this interpreta¬ 
tion, the basal unconformity of the Akauktaung Series, extremely 
pronounced in Henzada, must become greatly reduced and finally 
obliterated when followed northward. 

If, on the contrary, the unconformity is situated above the ho¬ 
rizon of 0. latimarginata, the reduction of the unconformity in a 
northern direction from Henzada towards Prome must be less pro¬ 
nounced. Although the base of the Akauktaung Series would still 
rest upon oligocene strata in Henzada and upon miocene strata at 
frojne, yet the upper limit of the stratigraphical gap would repiaiQ 
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at an approximately uniform level and the basal unconformity of 
the Akauktaung Series in Lower Burma would essentially coincide 
with the basal unconformity of the Irrawadi Series in Upper Burma. 

The latter interpretation has the advantage of greater simpli¬ 
city, for it necessitates the supposition of only one main unconfor¬ 
mity in the post-eocene Tertiary stratigraphy of the Irrawadi region, 
while there is scarcely any escape from the necessity of admitting 
two important unconformities if the basal Akauktaung unconfor¬ 
mity is situated below the zone of Ostrea latimarginata, unless we 
postulate, for the Tertiary strata of the Irrawadi basin, a degree of 
inconstancy in lateral development which is not supported by the 
details of the data at present available. 

In any case, whatever may be the final result of further strati- 
graphical and palaeontological studies, the now well ascertained 
fact must remain that the beds with 0. Virleti and 0. digitata are un¬ 
doubtedly newer than the horizon of the Kama Clay. Noetling’s 
“ zones of Ostrea peguensis and 0. promensis are therefore undoubt¬ 
edly newer than the ‘‘ zones of Area Theobaldi'and Parallelipipedum 
prototortuosum.^^ 


(g) The ‘‘ zone op Dione duhiosaJ' 

According to Noetling, there occurs both at Yenangyat and at 
Singu, a fossiliferous horizon which has been designated as the 
“ zone of Dione dubiosa ” and which is said to occupy the same stra- 
tigraphical level at both localities. Judging from the detailed sur¬ 
veys of the late Mr. Grimes and of Mr. Sethu Rama Rau, the so- 
called “ zone of Dione dubiosa ’’ of Yenangyat, Grimes “ Signal 
Hill Sandstone,” is situated at a considerably lower horizon than 
its supposed equivalent of Singu, the difference of stratigraphical 
level amoimting perhaps to as much as 1,000 feet. The supposed 
zone, therefore, would have to be rejected as built up from two wide¬ 
ly diverging horizons. 

Nevertheless, we must take it as established beyond all possi¬ 
bility of a doubt that an error has crept into Noetling’s account of 
the Singu and Yenangyat zones. On page 33 of his monograph in 
the Palaeontologia Indica, Noetling gives a list of four fossils supposed 
to characterise the “ zone of Dione dubiosa ” of Singu. On page 
35, the same list of four fossils is again exactly reproduced as charac¬ 
terising the zone of Dione dubiosa ” of Yenangyat. That, amongst 
such scanty faunas, the only forms identified should, in either case, 
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be exactly the same species, is incredible. That the repetition of 
the list is due to an error of compilation becomes a certainty as soon 
as we refer to the descriptive portion of the monograph : the locality 
of every one of the four species is invariably mentioned as Yenang- 
yat, not once as Singu. In transcribing the details of the Yenang- 
yat and Singu sequence, the account of the Yenangyat “ zone of 
Dione dubiosa ” appears to have been inadvertently repeated in the 
Singu section. 

The supposed “ zone of Dione dubiosa ” of Singu, therefore, does 
not exist. At Yenangyat there occurs, in all probability, a poorly 
fossiliferous zone some 400 or 500 feet above the main fossiliferous 
layer. Pending fuller stratigraphical and palseontological informa¬ 
tion, this zone may be provisionally discarded. 

(A) The ‘‘ ZONE of Cardita fjidamarensis ’’ 

According to Noetling, the so-called zone of Cardita tjidamaren- 
sis of Singu has yielded no other recognizable fossil besides the one 
species after which it has been named, the specific attribution of 
which has never been critically verified. The supposed zone is there¬ 
fore palajontologically negligible, and, moreover, as it is situated 
only 100 feet above tlie so-called “ zone of Mytilus nicobaricus,^* 
it would probably, in any case, constitute nothing more than a mere 
appendage of the latter. 

For all practical purposes, the so-called “ zone of Cardita tjida- 
marensis may, for the present, be discarded. 

(i) The “ zone of Anojdotlierium birmanicum'' 

The so-called “ zone of Anoylotlierium birrmnievm ’’ was re¬ 
garded by Noetling as the oldest of the fossiliferous zones in Upper 
Burma. Its estimated stratigraphical position occurs at about 1,300 
feet below the summit of the Pegu Systim as exposed in the Yen- 
angyoung anticline. The variegated shales and sands at the upper 
limit of the exposed Pegu beds of the Yenangyoung anticline are 
also observed at Singu, and, as we have already’' noticed (see above, 
pages 228, 250), the upper part of the stratigraphical sequence must 
be identical at Singu and Yenangyoung, According to the thicknesses 
calculated from available surveys, the fossiliferous band constitut¬ 
ing Noetling’s so-called ** zone of Caidita tjidamarensis ” must be 
situated about^ 1,400 feet below the uppermost horizon of the Pegu 

n 



256 


Becords of the Geological Survey of India. [ Vol. LI. 


sequence as exposed at Singu The so-called “ zone of Cardita 
tjidamarensis ’’ must therefore occupy a somewhat lower horizon 
than the so-called ‘‘ zone of Anoplotherium hirmanicum'' There¬ 
fore, the so-called “ zone of Anoplotherium hirmanicum,'^ instead of 
being the oldest fossiliferous zone in the Pegu System as developed 
in Upper Burma, represents, on the contraiy, the newest bed with 
marine fossils observed by Dr. Noetling in that region. 

As already explained (see above, page 228) the succession in Upper 
Burma and the mutual equivalence of the strata exposed in the se¬ 
veral anticlines have been misinterpreted by Noetling under the 
erroneous impression that the petroliferous layers are everywhere of 
one age. 

Tlxe fossils obtained from the so-called “ zone of Anoplotherium 
hirrmniaum ” are said to have been obtained from a conglomerate 
layer six inches thick in a petroleum well at a depth of 150 feet from 
the surface. Kemains of fresh-water, marine, or estuarine fish, of 
terrestrial and fluviatile reptiles, of terrestrial mammalia, of marine 
lamellibranches and of corals are mentioned as having been found 
together in this one layer. One of the corals was referred to the 
living Paracyathus cceruleus Dure. A list of bivalve species was 
published in Noetling’s monograph of 1901. It is extremely doubt¬ 
ful whether these mollusca were specifically determinable, for al¬ 
ready in 1895, when they had been determined only generically, 
they were said to be “ only casts or moulds,'’ and it was stated that 
“ nothwithstanding repeated coatings of varnish, they have, in the 
damp climate of Calcutta, almost entirely crumbled to pieces with 
considerable efflorescence.” (Itec. Geol. Surv. Ind., Vol. XXVIII, 
p. 69). 

^ This amount is essentially based on those estimates according to which the total 
thickness of strata exposed at 8ingu amounts to 3,000 feet, a figure which has been ac¬ 
cepted by Dr. Pascoe (Mem. Geol. Surv. /v'/., Vol. XL., p. 107). Other estimates give, 
for the total thickness, somewhat lower values, varying from 2,400 to 2,700 feet. By 
combining the maximum estimates of the Yenangyoung sequence with the minimum 
estimates at Singu, the “ zone of Anoplotherium birmanicum ”, instead of occurring at 
a higher level than the “ zone of Cardita tjidamarensis,^' would be lowered approximately 
to the level of the “ zone of Meiocardia meiavulgaris." This interpretation is improb¬ 
able as it would necessitate the supposition that the richly fossiliferous horizon of the 
** zone of Mytihis nicobaricus," which is remarkably constant over a vast area in Singu 
and Yenangyat, is also fully expo^ in Yenangyoimg, where it would be mostly unfos- 
siliferous, or else would only contain local bands of fragmentary fossils (see Pascoe, Rec. 
Qeol. Surv. Ind., Vol. XXXVI, pp. 135 ff.). In any case, the position of the ” zone of 
Anoplotherium birmanicum " would be affect^ only to a minor extent, and would still 
remain oonne#!^ with the same palseontological and stratigraphioal sub-stage, 
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The mammalian teeth were referred by Noetling, in 1895, to 
AnfHope and to Anthracofheriuw silistrense, an association that 
might indicate an upper miocene age. In 1901, the specimens were 
referred to Anoplofherium which would imply an approximately 
upper eocene age for the beds containing them. In 1910 {Rec, 
Geol. Surv. Ind., Vol. XL, p. 196), Dr. Pilgrim identified the spe¬ 
cimens as the molars of Tragulidse, one of them being generically 
referred to Dorcaiherium, an identification consistent with a miocene 
or perhaps upper oligocene age. If we are justified in identifying 
the Singu fossiliferous stage with Theobald’s division ‘‘ A ” of Lower 
Burma, the so-called zone of Anoplotherium birmanicum ’’ which 
is situated at a horizon about 100 or 200 feet higher than the upper 
limit of the marine fossiliferous beds of the Singu stage, must belong 
a])i)roximately to the same level as the so-called zone of Cytheren 
erydna ” which overlies Theobald’s division “ A ” in Lower Burma. 

(j) The “ ZONE of Cyrena Crawfurdi,'' 

Connected with the variegated clays and sands which occupy 
the uppermost jire-Irrawadi strata at Yenangyoung, there occur lo- 
eally some estuarine beds containing the shells which Noetling has 
described as Cyrena Crawjurdi and Cyrena kodonngensis. The same 
variegated beds are observed at the u})permost limit of the pre- 
Irrawadi ])edh at Singu, and there can be no doubt that the upper 
beds of Singu correspond with those of Yenangyat. Under the 
erroneous impression that the true equivalence c)f the Singu and 
Yenang;, at succession is to be sought in the petroliferous beds of 
both localities, Noetling came to the conclusion that the Cyrena bed 
of Yenangyoung is ap])roxiniately on a level with the newest fossi¬ 
liferous bands recognized at Singu. This equivalence camiot be 
accepted if the beds exposed at Yenangyoung correspond with the 
u])})ermost beds ex])osed at Singu. Since we have every reason to 
admit the equivalence of the uppermost pre-IiTawadi beds at both 
k.calities, the Cyrena bed of Yenangyoung must belong to a horzion 
situated about 1,400 or 1,500 feet above that of the newest fossili- 
ferous bands of Singu. If we are justified in identifying the Singu 
fossiliferous stage with Theobald’s division “ A of the Prome re¬ 
gion, and if the thicknesses of strata are even approximately the 
same in the Prome-Thayetmyo neighbourhood and in the region of 
the petroliferous anticlines—a reasonable enough supposition con¬ 
sidering that the intervening distance is less than 100 miles,— then 

H 2 
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the bed must be situated some 1,400 or 1,500 feet above the horizon 
corresponding to that of the Cytherea promensis beds, and the Cyrena 
bed of Yenangyoung may correspond with a horizon even higher 
than that of the Kama Clay, perhaps as high as the beds which, in 
the marine facies, are characterised by the presence of Ostrea lati- 
rmrgiruM. 

In^theJ^Yenangyat region, the researches of Mr. Sethii Rama Rau 
have revealed the existence of some very interesting fresh-water 
beds which certainly occur above the marine fossiliferous Singu 
stage, although we cannot determine their exact stratigraphical 
equivalence relatively to the Cyrena beds of Yenangyoung. They 
contain a giant form of Batissa which has been referred to Batissa 
kodoungensisy from which, nevertheless, it appears to differ speci¬ 
fically as will be shown in Part IT of the present study. A specimen 
of this giant species from the neighbourhood of Palanyon, obtained 
from the eastern flank of the Minbu anticline, has already been figur¬ 
ed by Dr. Paseoe (Rec. Geol. Surv. Ind., Vol. XXXVI, PI. XX, 
fig. 2). The species may be distinguished as Batissa Sethuramcp. 
According to Mr. Sethu Rama Rau, the beds containing these giant 
shells in the Yenangyat anticline, are laterally continuous with those 
yielding the remarkable gastropod described by Dr. Annandale as 
Taia (Rivularioides) spinifera. (Rec. Geol. Surv. Ind., Vol. L, p. 
238). We cannot be too grateful to Dr. Annandale for his investi¬ 
gations of the difficult fresh-water fossil faunas of India. In Burma 
in particular, a full knowledge of the fresh-water and estuarine mol- 
luscan faunas may eventually prove of great assistance in eluci¬ 
dating the vexed question of the exact equivalence of the marine 
and fresh-water beds. 

In conclusion, the Cyrena Crawfurdi bed of Yenangyoung may 
be equivalent to the horizon of the Kama Clay, or, more probably 
perhaps, to that of the zone of Ostrea latimarginata. 

(k) Summary. 

Omitting such zones as must be definitely or provisionally dis¬ 
carded, the stratigraphical succession of Dr. Noetling ’’ zones ” 
may be tabulated as follows: 

Zones of Osirea peguinsis and Pontian or Yindo- Probably the marine equivalents 
Osifsa promeneia, bonian. of the Irrawadi Series; probably 

equivalent to the Talar Stage A 
the Mekran Series and to the 
Odeng beds of Java; or else 
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mainly intermediate in age bet¬ 
ween the zone of Oatrea lalima/r' 
ginata and the Irrawadi Series 
and, if so, equivalent to the Na- 
han, to the Lower Manchhar, 
and, in Java, to the Tji Lanang 
series. 


Zone of Cyrtna Crawfurdi . Perhaps 

galian. 


Burdi- Perhaps the estuarine equivalent 
of the Pyalo beds with Oatrea la- 
timarginata and of the Upper 
Gaj of western India, as well as 
of the Njalingdung beds of Java, 
or else one stage lower and equi¬ 
valent to the Kama beds and 
f Lower Gaj. 


Zones of Area Theobaldi and Approximately 
Parallelipcpedum protoiorta- Aquitanian. 

oaum. 


Kama zone equivalent to the Rem- 
bang beds of Java and to the 
Lower Gaj. 


Zone of Anoplothcrium hirtna- 
nieum. Zone of Cytherca cry- 
cina. 


Probably equivalent to the horizon 
of junction of the Nari and Gaj, 
or to the base of the Lower Gaj. 


Zones of Mytihca vicobaricua Approximately Equivalent to the Upper Nari. 
and Meiocardia metamlgaria, Chattian. 
with probably the zone of 
Aricia humeroaa. 


Zone of CanceUaria Martiniana. 


Zone of Paracyathua caeruleua. 


Approxim ately 
Upper Stampian. 

Api)roximately . 
Stampian. 


^iSitsa 3 ’’an horizon, equivalent to the 
Lower Nari. 


This table does not agree \^Hth the stratigraphical statement 
published by Dr. Stuart in a ])rcvious volume of these Becords 
(Vol. XLl, ]), 253) for which I am personally to a large extent res¬ 
ponsible. The vastly increased accumulation of trustworthy data 
that have become available during the last ten years (see above, 
page 241) suflSciently accounts for the amendments here introduced. 


II.—REVISION OP SOME OF THE FORMS FIGURED IN DR. 

NOETLING’S SECOND MONOGRAPH. 

The preparation of a re-cast of Dr. Noetling’s second mono¬ 
graph would need the work of a life-time. If we consider that 
scarcely one-third of the forms dealt with by Dr. Noetling have as 
yet been revised, we may realize the magnitude of the task that 
still awaits us. Nevertheless, a very useful purpose can be served 
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by tabulating the results of the investigation of all those forms that 
have, so far, been critically examined. 

Noetling regarded many of the Burmese fossils as predecessors 
of living forms, or else as descendants of eocene species, and gave 
expression to this opinion by prefixing, respectively, the greck terms 
'proto and neo to the usually Latin names of the supposed related 
species. The result is frequently unfortunate, as the forms in ques¬ 
tion often belong to other genera than those vith which they have 
been compared, with the result that many of Noetling's designations 
are not only meaningless, but misleading. 

In the following notes, all these forms which, so far, have been 
critically examined, are referred to according to the ])agcs of Ilr. 
Noetling’s second monograph. The revised synonymy will consti¬ 
tute Part III of the present notice. 

Forms dealt with by Noetling and not mentioned in the follow¬ 
ing pages have not yet been critically examined. Forms mentioned 
without any comment require no amendment. 

Paracyathus cceruleus Duncan, p. 102. 

In his first monograph, in 1895, Noetling described and figured 
a fossil from Yenangyat which he regarded as specifi(5ally identical 
with the living Paracyaihus cceruleus and which, in 1901, was select¬ 
ed as a characteristic fossil for the so-called “ zone of Paravyu- 
thus cceruleus ” at Yenangyat. It is needless to comment on the 
selection as a zone-fossil for a division of the Tertiary, of a form re¬ 
garded as specifically identical with one living at the present day, 
all the more so as Noetling himself has deprived the su})])osed spe¬ 
cies of any possible stratigraphical value by recording it from five 
more of the so-called ‘‘ zones.'’ These five occurrences are tabulated, 
on page 103 of the monograph of 1901, in a list from which only the 
supposed type-occurrence at Yenangyat has been omitted. 

That the Yenangyat fossil bears no jesemblance to the living 
species to which it has been referred is obvious from the illustra¬ 
tions to Noetling’s first monograph of 1895, where the Yenangyat 
coral and the living species have been figured side by side (Mem. 
Geol. Surv. Ind., Vol. XXVII, part 1, PI. I, figs. 1, 2). Although, 
in 1901, the tfdented artist who prepared the illustrations to the 
monograph of 1895 was blamed for the apparent specific discrepan¬ 
cy, yet Noetlifig did not again venture on this direct comparison in 
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the second monograph in which fossil specimens only were figured 
one from Yenangyat (the same which had previously been figured 
in 1895) and one from the so-called “ zone of Cancellaria Martiniana^' 
of Miribu. 

My former ])ui)il, Mr. Harendra Mohan Lahiri, has carefully ex¬ 
amined all ih(‘. Yenangyat and Minbu specimens referred by Dr, 
Noetling tci Paracyathvs rocrvlem. There is not a single spe(iimen 
in a state of preservation such as Avill allow a definite specific diag¬ 
nosis. Nevertheless, enough can be made out to ascertain that the 
Yenangyat and Minbu forms differ specifically from one another, 
and that both are sjiecifically distinct from the living species. 

The characters which differentiate these fossils from one another 
and from the living form have been ascertained by Harendra 
Molian Laliiri. The Yenangyat form is considered to be closely 
related to certain fossil forms from the u})j)er eocene of Australia, 
such as Panicyalhus tasmanicus and P. aiipracostalus. 

EtU»SAMMTA REGALIS, Alcock. p. 103. 

The s])ecimen tlius identified by Hr. Noetling has also been 
carefully examined by Harendra Mohan Lahiri. Like the Yenang¬ 
yat and Minbu specimens of Paracyathus\ it is in a state of preserva¬ 
tion that renders it totally unlit for a specific diagnosis. It bears 
no relation to the living form to which it has been referred by Noetl¬ 
ing, for it ap])arently belongs to the sub-genus or genus Balano^)hyl- 
li(K while Eupmmmiu regalia is a typical member of the genus Eup- 
aammia. 

Clyteaster Duncanianus, p. 105. 

Although there are a few connections between the floor and roof 
of the test towards tlie margin, I have failed to detect the character- 
ivStic internal pillars of Clypeaster. The closed ambulacral petals 
with their extremely broad poriferous zones, and the extremely 
crowded minute tuberciilatioii are totally unlike anything with 
which I am accpiainted within the genus Clypeaster. The fragment 
is almost certainly not a Clypeasier, but is too imperfect either for 
generic or for specific determination. 

OSTREA PEGUENSIS, p. 107, 

This is Ostrea Virleti Desh. (See Rec. Geol. Surv. Ind.^ Vol. 
XLI, p. 36). 
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OSTREA PROMENSIS, p. 109. 

This is Ostrea digitata Eichw. var. Rohlfsii Fuchs. (See Rec. 
Geol. Surv. Ind., Vol. XLI, p. 37). 

Cyrena (Batissa) Kodoungensis, p. 183. 

When first describing this species, in 1901, Noetling noticed that 
it was the largest fossil Cyrena recorded at that time. Since then, 
almost every large fossil Cyrena that has been found in Burma seems 
accordingly to have been referred, as a matter of course, to Batissa 
kodoungensis. Nevertheless, as has already been pointed out (see 
above, page 258), we must not confound the Khodaung shell with 
another still larger form, which is known from the southern part of 
the Yenangyat anticline, and from the neighbourhood of Palanyon 
along the eastern limb of the Minbu anticline. The largest specimen 
of Batissa kodoungensis in Noetling’s collection has a height of 75mm. 
Specimens of even larger size were observed by Dr. Pascoe east of 
Khodaung. The shape of the shell, as restored by Dr. Noetling, is 
sub-orbicular, with practically median umbo. The sub-orbicular cha¬ 
racter of the outline is confirmed by the measurements published by 
Dr. Pascoe who records 115 + 101mm. as the largest specimen ob¬ 
served near Khodaung (Rec. Geol. Surv. Ind., Vol. XXXVI, p. 
144). The length, therefore, only slightly exceeds the height, and 
the measurements recorded by Dr. Pascoe imply an approximately 
circular shell. 

It should be mentioned that the Khodaung shell must attain even 
larger dimensions than those of the largest measured specimen, for 
one of the fragments figured by Dr. Pascoe (vol. cit. supra, PI. XIX, 
fig. 2) must have belonged to a specimen measuring about 130 + 
120mm. 

The figure of the Palanyon specimen published by Dr. Pascoe 
(vol. cit. supra, PI. XX, fig. 2) will show at a glance that the length 
of this shell reaches nearly twice the largest measured dimension re¬ 
corded for the Khodaung species, that, instead of exhibiting a sub- 
orbicular outline, it is elongate, with the length considerably ex¬ 
ceeding the height, and that the umbo is greatly shifted forward. 
(We should remember that, to save space, the drawing here referred 
to has been placed obliquely). Several of the specimens from the 
Yenangyat region attain the same colossal dimensions as the 
Palanyon specimen. One individual, of relatively moderate size, which 
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owing to its good state of preservation, best displays the true shape 
of the species, measure 124 + + 51mm. The height therefore is 

equal to less than four-fifths of the length. The hinge-plate, in the 
Yenangyat shells, is taller than in Balissa kodo ungens is, the card¬ 
inal teeth generally less obliquely disposed in KToetling’s illustra¬ 
tion of the left valve of Balissa kodoungensis, the cardinal tooth 
designated as 2 a is shown as practically vertical. In reality, it 
has a steep slope directed posteriorly downward (opisthocline). 
The corresponding tooth in the Yenangyat form has a pronounced 
slope in the opposite direction. The other elements of the hinge 
are much more oblique in Balissa kodoungensis than in any of the 
Yenangyat specimens. 

If, as there is reason to think, Mr. Dalton has correctly referred 
to Balissa kodoungensis the magnificent specimen of a right valve 
represented in figures 1 and 2, Plate LVl of Volume LXIV of the 
Quarterly Journal of the Geological Society, the exact locality and 
horizon of which are unfortunately unknown, then the right valve 
of that species is characterised by a bifid central cardinal tooth. 
In the Yenangyat form, the corresponding tooth is entire. Mr. 
Dalton’s specimen measures 100 + OOmm., and is, therefore, even 
more orbicular than the one recorded by Dr. Pascoc. Unfortunate¬ 
ly, we are not acquainted with the hinge of the right valve in the 
Khodaung shell. Until we can obtain a right valve from Khodaung, 
there must subsist some uncertainty as to whether kodoungen¬ 

sis is identical with the species described by Mr. Dalton. 

At any rate, the contrast between the left valve of Batissa ko¬ 
doungensis and the corresponding valve of the Yenangyat shell 
suffices to establish the specific distinctness of the latter. As al¬ 
ready mentioned above (page 258), I wish to dedicate this magnifi¬ 
cent shell to Mr. Sethu Rama Rau, under the name of Batisa Seihu- 
ramce. It is the largest Batissa on record, extinct or recent, exceed¬ 
ing in size even the colossal Cyrena ingens Dautzenberg {Jerurn. 
Conch., Vol. XLVIII, p. 105, PI. V), at present living in the New 
Hebrides, the largest known specimen of which measures 150 + 120 -f 
102 mm. This recent form is readily distinguished from Batissa 
SethuramcB by its relatively much greater thickness and by a very 
different build of the hinge. 

Prom the observations above discussed, it will be noticed that 
there still remain a number of uiicortain points in connection with 
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the large Burmese fossil shells. The conclusions at present arrived 
at may be summarised as follows: 

Istly, the characters ascertained in the South-Yenangyat shells 
preclude their specific union with the Khodaung shells in spite of 
our incomplete knowledge of the latter. 

2ndly, if the specimens described by Mr. Dalton eventually prove 
to belong approximately to the same stratigraphical horizon as the 
Khodaung shell, they may be safely accepted as jfiesiotypes, and the 
species Batissa kodoungensis may be re-defined in accordance with 
their characters. 

3rdly, if the specimens described by Mr. Dalton are eventually 
shown to differ widely in age from the Khodaung shell, their specific 
reference to the latter would not be sufficiently justified, and they 
should be classified, provisionally at least, under a different specific 
name. 

4thly, in the latter alternative, unless better material than at 
present available can be obtained from Khodaung, the species Bat- 
issa kodoungensis must remain un-identifiable, although the name 
may still be used to designate the large shell occurring at Kho- 
daung.^ 

Cyrena (Batissa) Crawfurdi, p. 184. 

At its type-locality, near Minlindaung, in the southern part of 
the Yenangyoung anticline, this shell is moderately variable. Its 
characters have been sufficiently clearly defined by Dr. Noetling. 

The fossils from various parts of Burma that have been referred 
to Batissa Crawfurdi frequently represent a separate species, dis¬ 
tinguished by its tall triangular shape, narrow umbo occupying a 
median or even slightly posterior situation, its relatively short 
hinge-plate, and by the presence of a distinct though rounded bend 
extending from the umbo to the postero-ventral edge; between 
this bend and the posterior margin, the surface is steep and flat¬ 
tened, and carries one or two blunt radial ridges. The species 
attains much larger dimensions than B, Crawfurdi^ from which it 
is distinguished by its tall and triangular outline, the different po- 

^ The name of the locality has been spelt “ Kodoung ”, “ Kodaung ”, and ” Kho¬ 
daung.” The shell was described as Cyrena kodouTigendis, and we should adhere to this 
name. So far as possible, alterations in the orthography of a specific name should always 
oe avoided as they complicate the nomenclature and especially impair the usefulness of 
alphabetical rderenoes. 
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sition of the umbo which, in B, Crawfurdi, occupies an anterior 
])Osition, the shorter hinge-plate, and the characters of the posterior 
surface which, in B, Crawfurdiy is rounded and does not clearly ex¬ 
hibit the radial ridges above mentioned. These various differences 
invariably distinguish B. Crawfurdi, even in the most exceptionally 
elevated specimens.^ 

A specimen of the form under consideration, obtained near Berne 
in the Yenangyoung anticline at a stratigraphical level situated some 
300 feet below that of the “ zone of Cyrena Crawfurdi,^ has been 
figured by Dr, Pascoe {Bee. Geol. F^urv. Ind., Vol. XXXVI, PL 
XIX, fig. 5). who has already noticed that it probably represents a 
new species {loc. cit., p. 145). We may distinguish this form as 
Bafissa hirmanica. It is accompanied, near Berne, by another form 
which, instead of being, like B. hirmmica, taller than B. Crawfurdiy 
is, on the contrary, more depressed. Dr. Pascoe has named it B. 
Crawfurdi var. yedwinensis. The sub-central position of its umbo 
seems to exclude the possibility of a specific identity with Batissa 
Crawfurdi, and it may preferably be treated as a distinct species 
under the name of Batissa yedwinensis Pascoe. It is therefore oniit- 
cd from the synonymy of Batissa Crawfurdi in Part III of the present 
study. 

The precise limits of the stratigraphical range of Batissa Craw¬ 
furdi cannot exactly be determined at present. Outside of the Yen¬ 
angyoung anticline, the only specimens at present known that seem 
to be referable to Batissa Crawfurdi w^ere collected by Mr. Oottor 
on the road one mile south-west of Myin-ngan (21 ^ 38 94° 28 ' 

one-inch sheet 84 K-h) in the northern part of the Pakokku district 
where the jire-Irrawadi beds are, to a considerable extent, invaded 
by the fresh-water facies. 

Batissa hinnanica undoubtedly has a wide stratigraphical range 
and probably extends downwards at least to a horizon equivalent 
to the upper limit of the Singu fossiliferous stage : for instance, the 
specimens obtained by Mr. Sethu Rama Rau in the stream section 
of the Taungmachaung tributary west of Kamedaung (20 ° 49 
94 ° 24 ') in the Ngahlaingdwin area occur at about 1,400 feet below 
the base of the Irrawadi Series. 

' The speoimen illustrated by NoetUng in fipfuro 3, Plate XT of the second monograph 
exhibits an exceptionally elevated outline, the apparent character of which is, neverthe¬ 
less, much exaggerated owing to the circumstance that the posterior portion of the shell 
is broken. • 
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Batissa Crawfurdi and Batissa hirmanica both exhibit, along the 
edge of the lateral teeth, the characteristic striations of the genus 
Batissa. 

The distribution of the various forms of fossil CyrenidflD at pre¬ 
sent recognised in Burma is perhaps connected with different local 
conditions of salinity. Thus, in the Taungmachaung exposure above 
alluded to, Batissa hirmanica is accompanied by a brackish fauna 
including Telescopium, Vicarya, and Cytherea. Specimens obtain¬ 
ed by Mr. Cotter half-a-mile west of Kayingyauk (20 ° 40', 94 ° 26') 
also in the Ngahlaingdwin region, at a horizon which may also approxi¬ 
mately correspond with the upper limit of the Singu fossiliferous 
stage, are apparently associated with Area, Turcica, Paracyathus, 
etc. The Kayingyauk bed is probably the southern extension of the 
Taungmachaung bed. On the contrary, Batissa Sethurantfc, in South- 
Yenangyat, occurs in the same bed as the fresh-water I'aia spinosa. 
There is, at present, no evidence as to the conditions of salinity con¬ 
nected with the occurrence of Batissa Crawfurdi. 

Cykena (Batissa) petrolei, p. 188. 

The type of Cyrena petrolei, like that of Cyrena Crawfurdi, is 
from the neighbourhood of Minlindauiig. Noetling has not recorded 
any strictly precise character by means of which it would be j) 08 sible 
to distinguish the form designated as Cyremi petrolei from the typo 
of Cyrena Crawfurdi. The large series of shells now available from 
Minlindaung cannot be sorted into two separate forms as they ex¬ 
hibit every possible intermediate gradation between extremes of 
height or thickness of outline, thickness of shell, and relative coarse¬ 
ness or delicacy of hinge. The form “ petrolei ” must therefore be 
discarded. 

Calliostoma Blanpordi, p. 253. 

Two species are figured under this name in Noetling’s second mo¬ 
nograph. Those illustrated in figures 6 to 8, Plate xvii, correspond 
with Trochus Blanfordi as described and figured in Noetling’s first 
monograph. The specimen shown in figure 5 of the same plate is 
different, and should constitute the type of another species which 
may be distinguished as Calliostoma singuense. 

CaUiostofna singuense attains considerably larger dimensions than 
the genuine Calliostoma Blanfordi. The spire-whorls of Calliostoma 
Blanfordi ire much more concave than those of Calliostoma sing^ 
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uerise. At early stages of growth, both forms are quadricarinate. 
While, however, the posterior keel in Calliostoma Blanfordi, is imme¬ 
diately contiguous to the suture, there intervenes a small space in 
Calliostoma singuense. In both species, the second keel is the feeblest, 
the fourth, the most prominent; not, as stated by Noetling, the third, 
a statement contradicted by his own illustrations. On the later 
spire-whorls of Calliostoma Blanfordi, there invariably appears a 
secondary granulated keel bisecting the posterior interval, and al¬ 
most always a similar secondary keel similarly bisecting the next 
interval; so that the later spire-'whorls nearly always exhibit as many 
as six keels, and never less than five. A similar change takes place 
in Calliostoma singumse, but only in the posterior interval, so that 
there are never more than five keels, and the subsidiary keel is relat¬ 
ively much less prominent than in Calliostoma Blanfordi. Moreover, 
owing to the great difference in size between the two species, Callios- 
toma singuense still shows only four keels at a size equal to that of 
the full-grown specimens of Calliostoma Blanfordi. 

The base is totally different in both species. In addition to a 
thick peripheral granulated keel, the base of Calliostoma Blanfordi 
exhibits an extremely beautiful ornamentation consisting of thirteen 
concentric granulated keels alternating in two sizes. On the base 
of Calliostoma singuense, there are ten concentric, smooth, flat bands, 
exhibiting an imbricated or stepped disposition, each band being 
separated from the next outer one by a small declivity facing outward. 

Turrttella anoitlata Sow., p. 272. 

Turritella simplex Jenkins, p. 273, 

The form figured by Noetling is specifically identical with T. 
angulata. The tlavanese fossil first described by Jenkins as T. 
simplex probably also belongs to the same species, though this iden¬ 
tification needs to be verified. 


Turritella acuticarinata Dunker, p. 274. 

The specimens thus identified by Noetling also correspond with 
T. angulata. Martin has expressed the opinion that they do not 
coincide with the Javanese T. acuticarinata which, therefore, may 
represent a different species. 
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Turritella sp., p. 277. 

This form, of which we now possess well-preserved specimens^ 
may be distinguished as T. Noeilingi. 

Turritella apfiniformis , p. 277. 

This is Turritella Magnas'perula Sacco. 

Rimella crispata Sow., p. 288. 

The figured specimens differ specifically from the form to which 
they have been referred, and may be designated as Rimella Tpromen- 
sis. They are distinguished from Rimella cris'pata by the thinness 
of the spiral incisions, the almost conical outline of the spire-whorls, 
the smoothness of the ribs, the absence of crenulations along the 
outer margin of the outer lip, and finally the elongate shape and 
small size. 

CYPRiEA Granti d’A. and H., p. 290. 

This shell does not bear the slightest resemblance to C. Granti 
d’Archiac {not d’Archiac et Haime) which is synonymous with C. 
nasuta Sow., itself a variety of C. prunum Sow., a Cyprcea sen. str. 
The fossil erroneously referred by Noetling to C. Granti belongs to 
the very peculiar group of extinct forms which includes C. Duclo- 
siana Bast, and several other Tertiary species, which it is proposed 
to distinguish as a section Cyjyrceotrivia. The Burmese species may 
be distinguished as Cyprcea {Cyprceotrivia) Oppenheimi. 

Aricia humerosa Sow., p. 291. 

This shell differs from the G&j fossil to which it has been referred 
by Noetling. It may be distinguished as Cyprcea (Bernayia) sing- 
uensis. The main difference resides in the disposition of the aper¬ 
ture, invariably almost straight in Cyprcea singuensis, while it is 
rather strongly bent in Cyprcea humerosa. The depressed dorsal 
area of Cyprcea humerosa is much larger than that of C. singuensis 
and is centrally situated instead of being shifted posteriorly; con¬ 
sequently, the anterior transverse ridge is situated much further 
anteriorly in Cyprcea humerosa. 

Trivia Smithi Martin, p* 293. 

This remarkable shell does not belong to the same group as the 
Javanei^ apecies to which it has been referred by Noetling. It may 
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be distinguished as Trivia Noetlingi. It is undoubtedly a fossil re¬ 
presentative of the singular group of shells constituted by the two 
Mexican forms T. radians Linn, and T. Solandri Gray. In general 
shape it comes nearest to T. radians, but is readily distinguished by 
its smaller size and by its less numerous, narrower ribs. 

Cassis d’ Archiaci, p. 294. 

The specific name was already preoccupied as early as 1851 by 
Bellardi. (Mem. Soc. Geol. Fr., 2d ser., Vol. IV, p. 224, PI. xiv ; 
figs. 3, 5). The shell may be distinguished as Cassidea hirmanica. 

Remicassis proto japonic a, p. 295. 

This shell is a Tritonium,. We cannot perpetuate an absurdity 
by maintaining the specific name “ profojaponicum.'^ In Noetling’s 
first monograph, the shell was described and figured as Cassidaria 
dubia Noetling. It may therefore be known as Tritonium (Ijampusia) 
dubimn [Noetling]. 


Galeoda montltpera, p. 297. 

Under this name Noetling has illustrated two different forms 
which agree specifically with Cassidaria echinophora Linn., from 
which they cannot be separated otherwise than varietally. The va¬ 
riety designation monilifera may be retained for the specimen 
figured in Plate xix, fig. 16. The second specimen, shown in fig. 17 
of the same plate, may be distinguished as Cassidaria echinophora 
var. promcnsis. It is distinguished from the variety monilifera by 
its broad ribbon-shaped bands without any trace of spiral subdivi¬ 
sions. 

Oniscidia minbuensis, p. 297. 

This exceedingly remarkable shell belongs to the sub-genus 
Loxotaphrus of Cyrtochetus, of which Phos raricifer Tate, from the 
Tertiary of Australia, has been hitherto the only recognized species. 
The resemblance between the Burmese and Australian forms is so 
close as to suggest their possible identity. 

Picula Theobaldi, p. 298. 

Two different forms have been figured by Noetling under that 
name. The one shown in fig, 21, PL xix, agrees exactly with Pirula 
condita Brongniart. The other specimen, shown in fig. 20, though 
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closely allied, may be regarded as constituting a variety singuensis^ 
in which the spiral threads as well as the axial ribs are thicker than 
in the typical form. 

Ficula sp., p. 209. 

This form, which is now represented by numerous well preserved 
specimens, may be distinguished as Pirula promensis. It belongs 
to the same group as the fossil Pirula pamotanensis Martin from Java 
and the living Pirula Investigatoris of the Indian Ocean, but is readily 
distinguished by the peculiar ornamentation of the body-whorl in 
which the extremely exaggerated breadth of the spiral and axial 
ribs reduces the intervening spaces to small square depressions. 

Triton neastriatulus, p. 301. 

This shell is a Hindsia. The specific name, founded on a fancied 
resemblance to Tritonium striatulum Lam., is, therefore, most un¬ 
fortunate. 

Triton pardalis, p. 302. 

This is also a Hindsia. 

Triton neacolubrinus, p. 304. 

This shell is a Hindsia and is therefore totally unrelated to Tri¬ 
tonium {Sassia) coluhrinum Lam. 

Persona Gautama, p. 305. 

This shell is without any relationship whatever to the Tritonidse. 
It belongs to Peristernia, a sub-genus of Lathyrus. 

Ranella prototubercularts, p. 306. 

Two separate species have been illustrated under this name in 
Noetling’s second monograph. The one shown in fig. 9, PI. xx, 
had previously been described and figured in Noetling’s first mono¬ 
graph under the name of Ranella tuhercularis Lam., evidently a 
lapsus for Ranella bituhercularis. It would be necessary therefore, 
to alter the name used in the second monograph to Ranella protohi- 
tuhercularis; but as there never was any species described with the 
specific name tuhercularis,'^^ either by Lamarck or any other author, 
we may just as well designate the Burmese shell as Ranella tuhercu¬ 
laris NoMling. 
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The species illustrated in figure 8 of the same plate, may be dis¬ 
tinguished as Ranella antiqua. Compared with Ranella tuherculariSf 
it is larger though it generally has fewer spire-whorls, and is dis¬ 
tinguished by a more rounded aperture. The varices of Ranella 
tuhercularis frequently do not correspond from one whorl to another 
during the later stages of growth, while they always coincide in 
Ranella antiqua. 

Compared with Ranella bitubercularis Lam. of which it is evidently 
a pre-mutation, Ranella antiqua is uniformly smaller, with fewer 
spire-whorls. 

Ranella elegans Beck, p. 309. 

This shell differs specifically and even sectionally from Beck’s 
type which is an Apollon s. str. It may be distinguished as Ranella 
(Pseudobursa) promensis. This beautiful shell closely recalls, in 
shape and ornamentation, Ranella foliata Desh., R. margaritula 
Desh., and R. crumena Lam., from all of which it is clearly disting¬ 
uished by the peculiar tubular structure of the posterior apertural 
channel, corresponding with that exhibited in Ranella bufonia [cJme- 
lin], the genotype of Pseudobursa Rovereto. The anterior canal, 
nevertheless, is nearly vertical, slightly oblique to the left of the 
shell as in Ranella crumena^ not to the right as in Ranella bufonia, 
and the shell is perhaps genetically related to the point of parting 
between the sections Apollon s. str. and Pseudobursa. 

Eburna protozeylanica, p. 310. 

This shell cannot be specifically distinguished from E. jutosa 
Lam., from which its smaller dimensions entitle to be separated at 
most as a variety for which the utterly misleading name proto¬ 
zeylanica ” is, of course, quite inadmissible. 

Fusus SEMINUDUS, p. 312. 

The specific name is preoccupied in the genus Fusus by a species 
of Deshayes; as, however, the Burmese shell is a Clavilithes, in 
which genus the specific name is not preoccupied, it may be main¬ 
tained. 

Fusus Vbrbeeki Martin, p. 313. 

This fossil does not correspond with the Javanese fossil to which 
it has been referred by Noetling, but rather with CUmUthe$ 
seminudus [Noetl.] The shell assumes a rather different appearance 

I 
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according as to whether the callosity usually characterising the 
full-grown stage has been developed or not. Amongst the Burmese 
specimens, there are individuals, practically of maximum dimensions, 
apparently adult, in which the callosity has never been developed, 
and others, much smaller, in which it assumes the most exaggerated 
proportions. Both modes of development occur together and are 
connected by every intermediate gradation. With only a small 
amount of material at his disposition, Noetling came to the conclusion 
that these two modes or stages of development characterise different 
species, one of which was described as new under the name of Fimis 
seminudus^ while the specimens with a large callosity were referred 
to Fusus Verbeeki Martin. It is now certain that all the Burmese 
specimens belong to a single species which, however closely related to 
Clavilithes Verbeeki, must be regarded as a distinct species, or at 
least a very pronounced variety, the main difference being the much 
smaller size of the Burmese form which is like a miniature edition 
of Clavilithes Verbeeki of which it perhaps represents an ancestral ]> re¬ 
mutation. 

In Clavilithes Verbeeki, the axial ribs disappear at a relatively 
eariler stage of growth than in Clavilithes semimulus, for, while, in 
Cl, seminudus, the axial ribs cease only either on the two last wliorls, 
or more generally only on the last one, in Cl, Verbeeki, the three last 
spire whorls are without axial ribs. If, instead of comparing corres¬ 
ponding stages of development, we compare actual dimensions of 
growth, it will be observed, nevertheless, that the ribs usually persist 
up to a much larger size in Cl, Verbeeki as a consequence of the 
usually much larger size of that species. 

Fasciolaria nodulosa Sow., p. 314. 

Under this name Noetling has figured three specimens, none 
of which coincide with the Gaj fossil to which the specimens liave 
been referred. Those reproduced in pi. xx, fig. IG and pi. xxi, 
fig. 11 represent a Lathyrus and, therefore, bear no relation to the 
G&j fossil which is a Siphonalia, The species may be distinguished 
as Lathyrus indicus. It is the earliest example so far known of the 
group of Lathyrus Lynchi [Basterot] (genus Polygona Schumard), 
abundantly represented in the miocene of Europe, and surviving 
in the deep-water Lathyrus infundibulum [Gmelin] of the West- 
Indies.* It is extraordinarily losely related to Lathyrus infundi- 
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bulum^ but has broader ribs and taller whorls. The European 
miocene species of this group are generally more angulated. 

The specimen represented in pi. xx, fig. 17, is a Siphonalia, but 
differs from the Gaj species, and may be distinguished as Slphonalia 
(Kelletia) iraimdica. It is smaller and less elongate than the living 
Siphonalia Kelletii, with a broader spire, and lacks the distinct 
umbilicus of the living shell. 

Pyrula pttgilina Born, p. 315. 

This shell is clearly a pre-mutation of the living Melongena 
pugilina, and illustrates the difficulties of nomenclature experienced 
when a connected succession of mutations is observed through the 
successive stages of the Tertiary. The Burmese fossil scarcely 
differs specifically from the upper miocene or pliocene Mehngena 
ponderosa Mart., which, in its turn can scarcely be regarded as 
differing more than varietally from the living M. pugilina ; yet, 
when the Burmese shell is compared with the living form, it cannot 
possibly be maintained in the same sj)ecies. For the sake of con¬ 
venience it may be distinguished as Mehngena (Pngilina) prac- 
ponderosa. It is distinguished both from Mehngena ponderosa and 
from the rex’ent shell, by its constantly wider-spaced spines. The 
obliteration of the spines, restricted to a portion of the body-whorl 
in Mehngena preeponderosa, usually also invades a portion of the 
spire in Mehngena ponderosa. The spire of Mehngena prespon- 
dcrosa is generally more elongate than that of M. ponderosa and M. 
pngilina. The internal walls of the living shell and, probably, of 
Mehngena ponderosa. are smooth instead oflirate as in the Burmese 
fossil which, moreover, is generally somewhat smaller than the living 
shell and especially than M. ponderosa. 

Pyrula bucephala Lam., p. 317. 

Under this name, two species, belonging to different genera, 
have been figured, neither of which coincides with Lamarck’s species. 
The one shown in pi. xxi, fig. 3, corresponds with Noetling’s Pyrula 
pseudobucephala and is a Mehngena. The other, shown in fig. 4, 
is a Vasum. So far as can be judged from published illustrations, 
good specimens of the Burmese ^ell coincide in every smallest 
detail with Melongma basilica Bellardi from the oligocene of Liguna. 
The fossil should therefore be known as Vasum basilicum [Bellardi]. 

l2 
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The interior of the Ligurian shell has been neither figured nor des¬ 
cribed, and we are not in a position, therefore, to ascertain whether 
it contains the characteristic spiral folds of Vasum, If the one shell 
were truly a Mehngena and the other a Vasum, we would be in 
presence of a most astounding example of mimicry, and, if that 
were so, the name “ basilicum might well be maintained for the 
Burmese shell to recall such an astonishing resemblance. 

Pyrula pseudobucephala, p. 318. 

As already mentioned, amongst the specimens erroneously 
referred to Mehngena bucephala, the one represented in pi. xxi, 
fig. 3, belongs to this species. 

Murex arrakanensis, p. 319. 

This species belongs to the sub-genus Chicoreus. 

Murex (?) Tchihatcheppi d’A. and H., p. 320. 

Two different forms, neither of which coincides with d’Archiac 
and Haime’s species, have been figured under this name in Noetling's 
second monograph. The inclusion of the specimen represented in 
fig. 9, pi. xxi, is due to an oversight, as Dr. Noetling expressly states 
(p. 321) that “ no other specimens have come under examination in 
addition to the one described in my previous memoir."' The second 
specimen, represented in fig. 9 is in a much better state of preserva¬ 
tion than the one described in the first monograph and represented 
in fig. 8 of the second monograph. It may be taken as the type of a 
species Murex (Muricaniha) iravadicus, and is now represented in the 
Calcutta collection by numerous good specimens. The specimen 
shown in fig. 8 is to be regarded as a variety yenanensis or perhaps 
even a distinct species. Attention may be drawn to the fact that, 
whereas the Burmese shells belong to the subgenus Muricaniha, 
Murex Tchihatcheffi is a member of the section Haustellum of Murex 
s, sir. As represented by the type of the proposed species, in pi. 
xxi, fig. 9 of Noetling^s monograph, Murex iravadicus seems scarcely 
distinguishable specifically from Murex Dannd)ergi Beyrich of the 
lower oligocene of Germany. Judging from the available illustra¬ 
tions, the Indian fossil has more sharply delineated, narrower spiral 
threads. Mwtex Orocii Jenkins, from the miocene of Java, is also 
closely related, but its spiral decoration is apparently coarser. 
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The specimen represented by fig. 8, pi. xxi, of Noetling’s mono¬ 
graph may provisionally be regarded as a variety yenanensis dis¬ 
tinguished by the sharper posterior angulation of the whorls, the 
somewhat more numerous varices, and, apparently, the more profuse 
and more delicate spiral threads. 

VOLVARIA BIRMANICA, p. 322. 

VoLUTA DENTATA SoW., p. 324. 

The shell does not coincide with the Gaj fossil to which Noetling 
has referred it, but represents a distinct species which is dedicated 
to the memory of the late Mr. Jacobs of Yenangyoung as Athleta 
(VolutQspina) Jacobsi. Tliis beautiful shell resembles Voluta mutata 
Desh. from the upper eocene of the Paris basin. The European 
species lacks the very characteristic double convexity of the base 
exliibited by the Burmese shell : its si>ire, instead of exhibiting a 
tendency to assume an extraconic outline as in Athleta Jacobsi, 
rather tends to be conoidal. 

Oliva (Strephona) rufula Duclos, p. 326. 

The figures in Noetliiig's monograph do not represent an Oliva 
but an dwell a which may be distinguished as OUvella minhuensis. 
The description and measurements refer largely to specimens of 
OlivaHcillaria nebulom Lam, var, pupa Sow. from Singu. 

OUvella minbuemis appears to be closely related to OUvella 
leucozonias Gray from Senegal, the spire of which, compared with 
that of the fossil, is somewhat longer, as is generally the case with 
most of the living forms. The insufficiently described and figured 
OUvella brevis Bellardi from the miocene of Piedmont {Moll. terr. terz. 
Piem. e Lig.^ pt. 3, p. 213, pi. xii, fig. 34) exhibits some similarity 
in shape. 

Ancillaria c/. Vernedei Sow., p. 327. 

The discovery of better preserved specimens has shown that this 
shell is not an Ancilla s. str. and therefore not related to the much 
larger A. Vernedei, but a Sparella which may be distinguished as 
A. {Sparella) birmanica. 

Compared with Ancilla indica from the Nari of Sind, Ancilla 
birmanica has a slightly shorter spire and a slightly longer body- 
whorl. The outline of the last spire-whorl is more continuous with 
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that of the body-whorl in the Sind shell than in the Burmese one. 
The earlier whorls of the Burmese shell are more distinctly divided 
off from one another by grooved pseudo-sutures, and the apex is 
more conoidal. Lastly the Sind fossil lacks the feeble angulation 
of the whorls which characterises Ancilla hirmanica. Both the Sind 
and Burma fossils are related to the living Ancilla mamillata Hinds of 
the Indo-Pacific regions which has a more inflated body-whorl. 

Cancellaria neavolutella Noetl., p. 328. 

This is Rimclla javana Martin. 

Cancellaria pseudocancellata Noetl., p. 330. 

This is a Merica. 

Cancellaria Davidsoni d’A. and II., p. 331. 

This shell is a Hindsia. It differs specifically from d'Archiac and 
Haime’s Triton Davidsoni which is also a Hindsia and wliich corres¬ 
ponds with Fusus granosus Sow., its correct name being, therefore, 
Hindsia granosa [Sow.]. The Burmese shell may be distinguished 
as Hindsia hirmanica. 

Hindsia hirmanica somewhat resembles Hindsia patdaJis NoetJ. 
from which it is distinguished by its larger dimensions, its vertically 
more compressed shape, its relatively thinner main spiral threads, 
the presence, in the intervals, of fine striations and the inconstant 
development or absence of threads of a second order, the persistence 
in thickness of the axial ribs on the body-whorl, the less })rominent 
varices. In general appearance, Hindsia hirmanica closely recalls 
the living Hindsia nivea [Gmelin], but it has a shorter canal and is 
clearly distinguished by the well-defined, relatively narrow apertural 
varix instead of the broad, somewhat indefinite swollen zone which 
characterises the forms belonging to the group of Hindsia nivea. 

Cancellaria Martini an a, p. 332. 

As already noticed by Dalton {Quart. Journ. Geol. Soc., Vol. 
LXIV, pp. 619, 630), this shell is a Tritonidea. 

Terebra protomyuros, p. 335. 

This form belongs to the section Myurella. 
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Strioterebrum unicinctum, p. 336. 

This is Tertbra samarangana Martin. 

Strioterebrum bicinctum Mart., p. 337. 

This is not the Javanese form described by Martin. It corres- 
j)onds with the previously mentioned Terebra {Myurella) proto- 
myiiros Noetling. 

It may here be mentioned that Martin's specfic designation 
was pre-cin])loye(l in 1843 by Hinds (Proc. Zool. Soc. p. 150). The 
Javanese species described by Martin, which occurs also in Burma, 
may be distinguished as Terebra Martini. 

Te REBRUM PROTODUPLICATUM, p. 338. 

Terebrum Smithi Mart., p. 339. 

This is not tlie Javanese fossil described by Martin. It corres¬ 
ponds with Noctling's Stibuhi sp., p. 341. It may be distinguished 
as Terebra {Sabula) Noctlingi. 

Terebrum sp. 1, p. 340. 

The badly preserved si)ecimen from Yenangyat figured by Noet¬ 
ling ])robably corresjjoiids with a species which has been described 
from north-western India as Terebra (Myiirella) quetlensis^ and 
which occurs abundantly at Singu. 

SUBULA sp., p. 311. 

As already mentioned, this is a form erroneously referred to 
Terebra Smithi Martin, which may be distinguished as T. Noetlingi. 

PlEUROTOMA KARENAICA, p. 314. 

This is a Surcula. 


SURCULA Feddeni, p. 346. 

Under this name two species have been illustrated in Noetling's 
second monograph. The specimens shown in figures 22 and 23, 
pi. xxii, correspond respectively with the type of Fasciolaria Feddeni 
and with one of the specimens referred to Drillia interrupta in the 
first monograph. The specimen shown in fig. 24 of the same plate 
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represents a different species which may be distinguished as Surcula 

There is a close resemblance between Surcula scala and Surcula 
Lamarcki Bellardi from the tortonian of Piedmont. The anterior 
contraction of the anterior slope is much more pronounced in the 
Piedmontese species, with the result that its body-whorl lacks the 
characteristic angulation circumscribing the base of Surcula scala, 

Genotia irravadioa, p. 347. 

Clavatula munga, p. 347. 

This form belongs to the section Perrona, 

Clavatula fltlminata Kiener, p. 349. 

This sneil does not correspond with Ejener’s species. It is a pre- 
mutational variety of a form which occurs abundantly in lower 
Burma at a horizon equivalent to that of the Kama Clay. Though 
it would seem more logical to take the older form as the type, the 
abundance and fine preservation of the specimens of the later fossil 
make it more convenient to adopt as the typical form. The shell 
described and figured by Noetling may be distinguished therefore 
as Clavatula (Perrona) hirrmnica var. singuensis, 

Clavatula protonodifera, p. 350. 

Drillia yenanensis, p. 353. 

This shell belongs to the genus Pleurotoma, in which Noetling had 
correctly classified it when publishing his first monograph. It is a 
member of the section Hemipleurotoma, 

Drillia protointbrrupta, p. 354. 

Three different species have been figured under this name. 
The first figure (fig. 8, pi. loriii) may be accepted as representing 
the type. The name is unfortunate as the shell bears no resemblance 
to D. irUerrupta Lam. The second form (fig. 9) belongs to the sub¬ 
genus Crassispira and may be distinguished as DrilUa (Crassispira) 
Cotteri. The third form (fig. 10) is also a Crassispira and may be 
distinguished as Drillia (Crassispira) kamaensis. 
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Drillia Cotteri closely resembles Drillia Geslini Desm. from the 
miocene of Piedmont, which is distinguished by its much larger 
dimensions. 

Drillia kamainsis bears some resemblance to Drillia sinensis 
Hinds, living in the eastern seas, and also known in a fossil condition 
from the Upper Tertiary of Karikal, from which the Burmese fossil 
is clearly distinguished by its more prominent and broader ribs. 
From Drillia kachensis, fossil in the miocene of Kachh, it is distinguish¬ 
ed by its relatively lower spire-whorls and much shorter body- 
whorl. It also resembles Drillia semisulcata Bellardi from the 
Helvetian of Piedmont, which is larger than the Burmese fossil, with 
a somewhat taller body-whorl and slightly more crowded axial ribs, 

Drillia promenris, p. 355. 

This species belongs to the sub-genus Crassispira. 

Drillia protocincta, p. 356. 

D, tnadiunensis Martin, 1906, is identical. 

Conus literatus Linn., p. 359. 

Under this name, Noetling has illustrated three specimens (pi. 
xxiii, figs. 12-14), none of which agree with the Linnean species. 
Two of the specimens (figs. 12, 14) correspond with C. (Lithoconus) 
Ickei Martin. The remaining specimen, which is immature, probably 
corresponds with Noetling’s Conus avaensis, which may be regarded 
as a variety of Conus odengensis Martin. 

Conus (Rhizoconus) malaccanus Hwass, p. 360. 

This shell, although closely related to C. malaccanus^ is specific¬ 
ally distinct, and corresponds with C. {Lithoconus) ineditus Michelotti. 

Conus avaensis, p. 362. 

Two different forms have been figured under this name. The 
first one (pi. xxiii, fig. 15) corresponds with one of the forms included 
by Noetling under C, literaius, regarded as a variety of Cmus oden*^ 
gensis Martin. The second one (fig. 16) also appears to Tie specifically 
identical with C, odengensis and may be distinguished as a variety 
hirmanica. 



280 Records of the Geological Survey of India, [ VoL. LI. 

In the Variety airtensis, the outer lip exhibits a somewhat broader 
convexity next to the posterior angulation than is observed in the 
type. Moreover, while the greater part of the outer lip is practically 
vertical in the type, it is distinctly, though not strongly, oblique in 
the variety under consideration. The spiral decoration of the base 
is more restricted to the anterior third of the body-whorl than in the 
type ; it is more effaced than in the type, and, at the same time, more 
even, consisting of shallow, rather close-set grooves of the same 
width as the raised intervals. 

In the variety birmanica, the later spire-whorls, when seen from 
above, intead of gradually increasing as in the type and in the variety 
avaensis, appear to be all approximately of the same width, conveying 
the impression, at first sight, that the whorls are narrower and jnore 
crowded than in the type, while, in reality their number is the same. 
The disposition of the outer lip and of the spiral ornamentation of 
the base coincides with that observed in the variety avaensis. 

Conus Yuleianus, j). 863. 

There is some doubt as to whether this beautiful shell should 
be classified as a Leptoconus or Lithoconus. The specific identity 
of one of the specimens figured in Noetling's monograph (pi. xxiii, 
fig. 21) is doubtful. 

Conus hanza, p. 364. 

Two species have been figured under this name, one of which 
(pi. xxiii, fig. 23) corresponds with the previously described Conus 
{Leptoconus) Bonneti Cossmann. The other specimen (fig. 24) re¬ 
mains as the type of V. {Leptoconus) hanza which is distinguished 
from Conus Bonneti by its smaller dimensions, its much more ven- 
tricose body-whorl, and the absence of a rim to the spire-whorls. 

Conus protofurvus, p. 365. 

Two specimens belonging to separate species have been figured 
under this name in Noetling’s second monograph. Tlxe first specimen 
(pi. xxiii, fig. 25) represents the type of C. {Lepto onus) protofurvus, 
the second corresponds with the living Conus {Leptoconus) vimineus 
Reeve. 

Conus galensis, p. 366. 

This species belongs to the section Conospira. 
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lit—REVISED SYNONYMY OF THE FORMS CRITICALLY RE* 
EXAMINED FROM DR. NOETLINQ’S SECOND MONOGRAPH. 

Terebra (Duplicaria) PBoTODUPLicATA NoeUiiig. 

1901. Terehrum 'protodu'plicatum Nootling, Pal. Ind., new ser., Vol. I, part 3, p. 338, 
pi. xxii, fig. 17. 

Kama. 


Terebra (Subula) Noetlincu n. sp. 

1895. Terebra fuscata Brocc. sec. Noetling, Mem. Geol. Surv. Ind., Vol. XXVII, p. 39. 
pi. ix, figs. 3, 4. 

1901. Terehrvm smithi K. Martin acc. Noetling, Pal. Ind., new sor., Vol. I, part 3. 
p. 339, pi. xxii, fig. 18. 

1901. Subula spec. Noetling, Pal. hid., now sor., Vol. I, part 3, p. 341, pi. xxii, fig. 20, 

Both the figured sj)cciniens are from Minhu. 

Terebra (Noditerkbra) .samahan(;ana Martin. 

1884. Terebra aamarangana Martin, Samml. dea geol. Reichsmus. in Leiden, ser. 1, 
Vol. Ill, p. 75, pi. V, fig. 78 

1901. Sirioterebrum unichictum Noetling, Pal. Ind., now ser., Vol. I, part 3, p. 336, 
pi. xxii, fig. 16. 

Kama. 


Terebra (Myurella) puotomyi'Ros Noetling. 

1901. Sirioterebrum prolomyuroa Noetling, Pal. Ind., new ser., Vol. I, part 3, p. .335, 
pi. xxii, fig. 14. 

1901. Sirioterebrum bicincium Martin sec. Noetling, Pal. Ind., new sor., Vol. I, part 3, 
p. 337, pi. xxii, fig. 15. 

The figured specimens are both from Kama. 

Terebra (Myurella) quetteNvSis n, sp. 

? 1901. Terebrum, spec. 1, Noetling, Pal. Ind., new sor., Vol. I, part 3, p. 340, pi. xxii, 
fig. 19. 

The figured specimen, the identification of which is somewhat 
doubtful is from Yenangyat. The species is known to occm* abun¬ 
dantly at Singu. 


Clavatula protonodifera Noetling. 

1895. Pleurotoma Voyaei^ d’Aroh. and Haimo sec. Noetling, Mem. Qeol. Surv. Ind., 
Vol. XXVII, part 1, p. 40, pi. ix, fig. 5. 

1901. Claralula prototwdifera Noetling, Pal. Ind., now ser., Vol. I, part 3, p. 360, 
pi. xxiii, figs. 3, 4. 

Minbu and Singu. 

^ Misprinted ** Voysesi and attributed to d'Arohiao instead of d^Archiao and Haime 
in Noetling'• first monograph, and misprinted ** Voyesiin the second. 
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Clavatula (Perbona) bibmanica n. sp. var. singuensis. 

1901. Clavahila fulminaia Kiener tec. Nootling, Pal. Ini., new ser., Vol. I, parts, 
p. 340, pL xxiii, fig. 2. 

Singu. 

Clavatula (Peerona) munga Noetling. 

1901. Clavaivla munga Noetling, Pal, Ind,, new ser., Vol. part 3, p. 347, pi. xxiii, 
fig. 1. 

Kama. 

SuRCULA KARENAiCA [Noetling.] 

1901. Pleurotomais. s.) karenaica Noetling, Pal, Ind,, new eer., Vol. I, part 3, p. 344, 
pi. xxii, fig. 21. 

Kama. 


SuRCULA (Pleurofusta) Feddeni Noetling. 

1895. Fasciclaria feddeni Noetlingi Mem, Oeal, Surv, Ind,, Vol. XXVII, part 1, p. 35, 
pi. viii, fig. 4. 

18951 Pleurotoma (Drillia) interrupta Lam. sec, Noetling, Mem, Oecl, Surv. Ind,., 
Vol, XXVII, part 1, p. 41, pi. x, fig. 1 (non fig. 2 Drillia protointerrupta), 

1901. Surcula Feddeni Noetling, Pal Ind., now ser., Vol. I, part 3, p. 346, pi. xxii, 
figs. 22, 23 (non fig. 24 - Surcula scala). 

The figured specimens are both from Yenangyat. The existence 

of this species at Minbu and Singu has also been ascertained. 

Surcula (Pleurofusia) scala n. sp. 

1901. Surcula Feddeni Noetling (para). Pal, Ind., new ser., Vol. I, part 3, pi. xxii» 
fig. 24 (non fig. 22, 23 Surcula Feddeni), 

Kama. 


Pleurotoma (Hemipleurotoma) yenanensis Noetling. 

1895. Pleurotoma yenanenaia Noetling, Mem, Oed^ Surv, Ind,, Vol. XXVII, part 1, 
p. 42, pi. X, fig. 3. 

1901. Drillia yenanenaia Noetling, Pal, Ind,^ new ser., Vol. I, part 3, p. 353, pi. xxiii» 
fig. 5. 

Yenangyat. 

A variety of this same species is known from the Nari beds of Sind. 


Drillia protocincta Noetling. 

1901. Drillia protocincta Noetling, Pal, Ind,, new ser., Vol. I, part 3, p. 356, pi. xxiii, 
figs. 6,7. 

1906. Phuroloma (Drillia) madiunenaia Martin, Samml, dea geol, Beiehamua, in 
Leiden^ new ser., Vol. I, p. 296, pL xliii, fig. 7074 


Kama, 
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Dbillia pbotointebbupta Noetling. 

1895. Pleurotoma (DriUia) interrupta Lam. sec. Noetling, Mem. Oeol. Surv. Ind., 
Vol. XXVII, part 1, p. 41, pi. x. fig. 2 (non fig. 1 - Surcula Feddeni). 

1901. DriUia protointerrupfa Noetling. Pal. Ind., new sor., Vol. I, part 3, p. 354, pi. 
xxiii, fig. 8 (non fig. 9 DriUia CoUeri, nec. fig. 10 - DriUia kamaensis). 

Minbu. 


Deillia (Cbassirpiea) kamaensis n. sp. 

1901. DriUia protointerrupta Noetling (pars). Pal. Ind., new ser., Vol. I, part 3, p. 

354, pi. xxiii, fig. 10 (non fig. 8 DriUia protointerrupta, nec. fig. 9, - 
DriUia Cotteri). 

Kama. 


Dbillia (Oeassispiea) PROMENsis Noctling. 

1901. DriUia promensia Noetling, Pal. Ind., new ser., Vol. I, p. 355, pi. xxiii, fig. 11. 

Kama. 


Drillia (Crassispira) Cotteri n. sp. 

1901. Drillia protointerrupta Noetling (pars). Pal. Ind., new ser., Vol. I, part 3, p. 354, 
pi. xxiii, fig. 9 (non fig. 8 Drillia protointerrupta, nec. fig. 10 — DriUia 
kamaensis). 

Kama. 


Genotia travadica Noetling. 

1895. Pleuroto^tia (Cryptoconus) irravadicus Noetling, Mem. Oeol. Surv. Ind., Vol. 
XXVII, p. 41, pi. ix, fig. C. 

1901. Ocnota irravadica Noetling, Pal. Ind., new ser., Vol. 1, part 3, p. 347, pi. xxii, 
figs. 25, 26. 

The figured specimens are both from Minbu. 


Conus (Conospira) galensis Noetling. 

1901. Conus galensis Noetling, Pal. Ind., new sor., Vol. I, part 3, p. 366, pL xxiii, 

fig. 27. 

Yenangyat. 


Conus (Leptoconus) protofurvus Noetling. 

1895. Conus (Leptoconus) marginalus Sowerhy sec. Noetling, Mem. Oeol, Surv. Ind .9 
Vol. XXVII, part 1, p. 43, pi x, fig. 8. 

1901. Conus (Leptoconus) protofurvus Noetling, Pal. Ind., new ser., VoL I, part 3, 
p. 365, pi. xxiii, fig. 25 (non fig. 26 < Conus vimineus Reeve). 

Yenangyat. 
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Conus (Leptoconus) vimineus Reeve. 

? 1844 . Conus aeulealus Reeve, Monograph of the genus Conus, pi. xliy, sp. 240. 

1849. Conus vimineus Roeve. Monograph of the genus Oonus» suppl. pi. vii, sp. 269. 
1896. Conus vimineus Reeve. Martin, SamnU. des geol. Reichsmus, in Leiden^ new ser., 
Vol. I, p. 16, pi. ii, figs. 23-25. 

1895. Conus palabuanensis Martin, SamnU. des geol. Reichsnus. in Leiden, new ser., 

Vol. I, p. 16, pi. ii, fig. 26. 

1900. Conus (Chelyconus) sub vimineus Cossmann, Journ. Conch., Vol. XL VIII, p. 64, 

pi. iv, figs. 47, 48. 

1901. Conus (Leptoconus) protofurvus Noetling (pars). Pal. Ind., new ser., Vol. I, 

part 3, p. 365, pi. xxiii, fig. 26 (non fig. 25 = Conus protofurvus). 

Kama. 

This shell also occurs in the U])per Tertiary of Karikaland in 
the Mekran beds of Baluchistan 

Conus (Leptoconus) Bonneti Cossmann. 

1900. Conus (Leptoconus) Bonneti Cossmann, Journ. Conch. Vol. XLVITI, p. 69, 

pi. iv, figs. 15, 16. 

1901. Conus hanza Noetling (pars). Pal. Ind., new ser., Vol. I. part 3, p. 364, pi. xxiii, 

fig. 23 (non fig. 24 - Conus hanza). 

Kama. 

Also in the Upper Tertiary of Karikal. 

Conus (Leptoconus) hanza Noetling. 

1901. Conus hanza Noetling, Pal. Ind., now ser., Vol. I, part 3, p. 364, pi. xxiii, fig. 24 
(non fig. 23 Conus Bonneti). 

Kama. 

Conus (Leptoconus) Yuleianus Noetling. 

1901. Conus yuleianus Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 363, pi, xxiii, 
fig. 22 ( ? fig. 21). 

The fairly well preserved specimen shown in fig. 22, which must 
be regarded as the type, is from Kama. The inc()m])lete s])ecimen 
shown in fig. 21, of which the specific identity is doubtful, is from 
the so-called “ zone of Aricia humerosa ” presumably near Thayet- 
myo. 

Conus (Lithoconus) odengensis Martin. 

1896. Comis odengensis Martin, SamnU. des ged. Reichsmuseums in Leiden, new ser. 

Vol I, p. 19, pi iii, figs. 39—44. ' 

? 1906. Conus madurensis Martin, SamnU. des geol. Reichs-Mus. in Leiden, new ser. 
Vol. I, p. 288, pi xUi, fig. 690. 

Typical examples of this shell are extremely abundant in Burma 
at a horizon equivalent to that of the Kama clay, but are not re¬ 
presented amongst the fossils figured by Noetling. The same form 
also occurs in the GItj beds of Kachh, 
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Conus (TjIThoconus) ouengensis var. avaensts Noetling. 

1901. Contiliteratus Linn. sec. Noetling, Pal. Ind., new ser., Vol. T, part 3, p. 359, 
pi. xxiii, fig. 13 {non fig. 12, 14 Conus Ickei), 

1901. Conus amensis Noetling, PaZ. /nrf., now sor., Vol. I, part 3, p. 362, pi. xxiii, 
fig. 15 (non fig. 16 var. birmanica). 

Tho typo of Comts araensis is from Singii. An immature specimen 
from the so-called zone of Aricia humerom'^ presumably near 
Thayetmyo. a])parontly belongs to this same form which has also 
been recognized at Minbu. 

Conus (Lithogonus) odenoensts var. birmanica. 

1901. Conus avnrnsis Noetling, Pal. Ind., new ser., Vol, I, part 3, p. 362, pi. xxii* 
fig. 16 {non fig. 15 var. avutnsis). 

Zon(» of Cjfiherea protnenfils ()])])osite Promo. 


Conus (Lithogonus) tnedttus Michelotti. 

1861. Conus inediius Michelotti, Et. mioc. inf. Italic septentrionale, p. 105, pi. xii, 
figs. 11, 12. 

1893. Lithoconus inediius Micht., Sacco, Moll. terr. tcr\ Pieme. Lig., XIIl, p. 26, pi. 
iii, figs. 16—24. 

1895. Conus malaccanus Hwass sec. Noetling, Mem. Qeol, Suri\ Ind.y Vol. XXVII, 
p. 42, pi. figs. 4-7. 

1901. Conus (Hhizoconus) malaccanus Hwass sec. Noetling, Pal. Ind.^ new ser., Vol. I, 
part 3, p. 360, pi. xxiii, figs. 17-20. 

The specimens figured by Noetling are all from Minbu. The 
species oc\..urs abundantly also at Singu, and also in the Nari beds 
of western India. 


Conus (Lithogonus) Ickei Martin. 

1901. Conus (Lithoconus) literatus Linn. sec. Noetling, Pal. Ind.y new ser., Vol I, part 
3, p. 359, pi. xxiii, figs. 12, 14 (non fig. 13 Conus ^ngensis). 

1906. Conus Ickei Martin, Samml. des geol Reichs-Mus. in Leiden, new ser., Vol I 
p. 289, pi. xlii, fig. 692. 

Tlie specimens figured by Noetling are both from tho so-called 
“zone of Aricid hunierosa " presumably near Thayetmyo, 


Meriga pseudogancellata [Noetling]. 

1895. Cancellaria cancellaia Lam. sec. Noetling, Mem. Oecl. Surv. Ind,, Vol XXVII, 
part 1, p. 39, pi. ix, fig. 2. 

1901. Cancellaria pseudocancellata Noetling, Pal. Ind., new ser., Vol. L part 3, p, 330 
pi. xxii, fig. 10. * 

Yenangyat. 
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Olivella minbuensis n. sp. 

1895. Oliva djocdjocartcs K. Martin sec, Noctling, Mem, Oeol. Surv, Ind,^ Vol. XXVII, 
part 1, p. 38, pL ix, fig. 1. 

1901. Oliva (Strephona) rufula Buolos sec. Noetling, (pwra).. Pal. Ind,,new ser., Vol. 
I, part 3, p. 326, pi. xxii, figs. 4, 5. 

The specimens figured by Noetling are both from Yenangyat. 
The species also occurs at Minbu. 


Ancilla (Sparella) btrmantca n. sp. 

1901. Ancillaria c£. Vemedei Sow. Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 327, 
pi. xxii, fig. 6. 

The figured specimen is from the Cytherea promensis bed opposite 
Prome. 


Athleta (Volutospina) Jacobsi n. sp. 

1896. VoltUa deniata Sow. see. Noetling, Mem. Oed. Surv. Ind., Vol. XXVIl, p. 37, 
pi. viii, figs. 8-10. 

1901. Vduta derUala J. de 0. Sowerby sec. Noetling, Pal. Ind.^ new ser., Vol. I, part 3, 
p. 324, pi. xxi, figs. 14, 16, pi. xxii, figs. 1-3. 

The figured specimens are from Yenangyat and Minbu. The 
species also occurs at Singu. 


VoLVARiA BTRMANTCA Noetling. 

1895. Vdvaria birmanica Noetling, Mem. Oeol. Surv. Ind., Vol XXVII, p. 37, pi. 

viii, fig. 7. 

1901. Volvaria birmanica Noetling, Pal. Ind., new ser., Vol I, part 3, p. 322, pi xxi, 

fig. n. 

Minbu. 

Clavilithes seminudus Noetling. 

1896. ClaveUa djocdjocartce K. Martin sec. Noetling, Mem. Oeol. Surv. Ind., Vol. XXVIl, 

p. 33, pi vii, figs. 6-7. 

1901. Fusus seminudus Noetling, Pal. Ind., new ser., Vol I, part 3, p. 312, pL xx, 
figs. 12,13, (non Fusus seminudus Deshayes). 

1901. Fumis verheehi^M&ninsec. Noetling, Pal. Ind., new ser., Vol I, part 3, p. 
313,-pi XX, figs. 14, 16. 

The figured specimens are from Minbu, and from the so-called 
“ zone of Arida humerosa,'' presumably near Thayetmyo. The 
species also occurs abundantly at Yenangyat, at Singu, and at the 
horizon of the Kama clay. 
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Lathyrus indicus n. sp. 

1896. Faaciolaria nodulosa aee. Noetling(^r«)., Mem. Oecl. 8urv. lnd.y Vol. XXVII, 
p. 34, pi. viii, figs. I, 2, (non fig. 3 Sipkonalia iravadiea). 

1901. Faaeiolaria nodulosa J. de O. Sowerby see. Noetling, Pal. Ind., new ser., Vol. I, 
part 3, p. 314, pi. xx, fig. 16, pi. xxi, fig. 1, {non pi. xx, fig. 17 = Siphonalia 
iravadiea). 

The almost undeterminable fragments figured by Noetling are 
from Yenangyat. The species is well represented at Minbu. 


Lathyrus (Peristernia) Gautama [Noetling], 

1901. Persona gautama Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 305, pi. xz, 
figs. 6, 7. 

Kama. 


Vasum barilicum [Bellardi]. 

1872. Myristica hasilica Bellardi, M6U. terr. terz. Piemonte e Liguria, parte I, p. 158, 
pi. X, figs. 4, 5. 

1900. Melongena {Myristica) hasilica Bell., Rovereto, III. moU. tongr., p. 170. 

1901, Pyrula hucephala Lam. sec. Noetling {pars).. Pal. Ind., new ser., Vol. I, part 3, 

p. 317, pi. xxi, fig. 4 {non fig. 3 Pyrula pseudobucephala Noetling). 

1904. Melongena{ Myristica) basilica IdeM .—Sacco, Mott. terr. terz. Piem. e. Lig. 
parte XXX, p. 32. 

Singu. 


Melongena pseudobucephala Noetling. 

1901. Pyrula hucephala Lank. sec. Noetling {pars).. Pal. Ind., new ser., Vol I, part 3, 
p. 317, pi. xxi, fig. 3, {non fig. 4 — Vasum basilicum). 

1901. Pyrula pseudobucephala Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 315, 
pi. xxi, figs. 5, 6. 

Singu. 

Melongena (Pugilina) prasponderosa n. sp. 

1901. Pyrula pugilina Bom sec. Noetling, Pal. Ind., new ser., Vol I, part 3, p. 316, 
pi xxi, fig. 2. 

The figured specimen is from the zone of Cytherea promensis 
opposite Prome. The same form occurs at Minbu and Singu. 


Siphonalia (Kelletia) iravadica n. sp. 

1896. Faaeiolaria nodulosa Sow. sec. Noetling {pars)., Mem. Oecl. 8urt\ Ind., Vefi. 

XXVII, pi viii, fig. 3 {non figs. 1, 2 — Lathyrus indicus). 

1901. Fasciolaria nodulosa J. de Carle Sowerby sec. Noetling (para)., Pal. Ind., new aer., 
Vol 1, part 3, p. 314, pi xx, fig. 17 (non pi xx, fig. 16, nec. pi, zzi, fig. 1 
- Lathyrus indicus). 

Minl>u, 
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CyRTOCHETUS (LoXOTAPHRUS) MINBITENSIS [Noetliiig]. 

1S05. OoMidaria minbuenais Noetling, Mem, Oeol, Surv, Ind,t Vol. XXVII, part 1, 
p. 28, pL vi, fig. 4. 

1901. Oniacidia minbuenaia Noetling, Pal, Ind„ new ser., Vol. I, p. 296, pi. xix, figs. 
18, 19. 

Misbu. 

Teitonidea Martiniana [Noetling]. 

1895. Naeaa catUleyi d*Arohiao sec, Noetling, Mem, Oeol. Surv. Ind., Vol. XXVII, 
p. 32, pi. yii, figs. 2-4. 

1901. CaneeUaria martiniana Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 332, 
pi zxii, figs. 11-13. 

1908. Canlharua Martinianua Noetling—Dal on. Quart. Joum. Oeol. Soc.,Yo\. LXIV, 
pp. 619, 630, pi. iv, figs. 6, 7. 

The figured specimens are from Minbii. The same species also 
occurs abundantly at Singu, and, according to Noetlirg nt Yenangyat. 


Eburna lutosa Lamarck, var. 

1790. Ebuma lutoea Lamarck. Enoyol, pi cocci, fig. 4. 

1849. Ebuma hUoaa Lam.— Reeve., Monograph of the genus Ebuma, pi. sp. 

1881. Ebuma lutosa Lam.,—Tiyon. Man. Conch., Vol III, p. 211, pi Ixzxii, fig. 466. 

1901. Ebuma protozeylanica Noetling, Pal. Ind., new ser., Vol I, part 3, p. 310. 
pi XX, fig. 11. 

Kama. 

Murex (Chicoreus) arakanensts Noetling. 

1896. Murex arrakanenais Noetling. Mem. Oeol. Surv. Ind., Vol XXVII, part 1, p. 36, 
pi viii, fig. 6. 

1901. Murex arrakanensis Noetling, Pal. Ind., new ser., Vol 1, part 3, p. 319, pi. xxi, 
fig. 7. 

Minbu. 

Murex (Muricantha) iravadicus n. sp. 

1901. Murex (?) tchihatchef/i d’ Arohiao and Haime sec. Noetling, Pal. Ind., new ser., 
Vol. I, part 3, p. 320, pi. xxi, fig. 9. 

The figured specimen is from Yenangyat. The species also 
occurs at Minbu. 


Murex iravadicus var. yenanbnsis n. var. vel species distinguenda. 

1896. Murex ichihatcheffl d’Arohiao and Haime sec. Noetling, Mem, Oeol, Surv, Ind.^ 
Vol XXVII, p. 36, pi. vUi, fig. 6. 

1901. Murex (7) tchikakhefi d’Arohiao and Haime sac. Noetling, Pal. Ind., new ser., 
Vol 1, part 3, p. 320, pi. xxi, fig. 8. 

Yepangyat. 
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Tritonium (Lampusia) dubium [Noetling]. 

1895. Caasidana dubia Noetling, Jlfem. Oeol. Surv, Ind., VoL XXVII, p. 27, pi vii, 

iigfl. 2, 3. 

1901. Semicaana protqjaponiea Noetling, Pal. Ind., new 8er.,Vol. I, part 3, p. 296, 
pi. xiz, fig. 15. 

Minbu. 

Hindsia birmanica n. sp. 

1896. Triton (Simpuhim) davidaoni d'Arohiao and Haime aec. Noetling, Mam. Oeol. 

Surv. Ind., Vol XXVII, part 1, p. 29, fig. 6. 

1901. CanceUaria davidaoni d'Archiao and Haime aec. Noetling, Pcd. Ind., now ser., 
Vol I, part 3, p. 331, pi xix, fig. 23, pi xx, fig. 1. 

Minbu. 

Hindsia NEASTRIATULA [Noetling]. 

1896. Triton pardtdia Noetling {para), Mem. Geol. Surv. Ind., Vol XXVII, part 1, p. 

30, pi. vi, fig. 8a (non figs. 7, 8 Hindaia pardalia). 

1901. Triton neaatriatulua Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 301, pi 
XX, figs. 2, 3. 

The figured specimens are from Yenangyat. The species also 
occurs at Minbu. 


Hindsia pardalir [Noetling.] 

1896. Triton pardalia Noetling (para), Mem. Oeol. SurtK Ind., Vol XXVII, part 1, 
p. 30, pi. vi, figs. 7, 8 (non fig. 8a Hindaia neaatrialula), 

1901. Triton pardalia Noetling, Pal. Ind., new ser., Vol I, part 3, p. 302, pi xx, fig. 6. 

Minbu. 

The locality “ Kama mentioned by Noetling is founded on an 
erroneous identification of a specimen of Hindsia neacolubrina. 

Htndsta neacolubrina [Noetling.] 

1901. Triton neaeolubrinua Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 304, pi xx. 
fig. 4. 

Kama. 

Eanella tubercularis Noetling. 

1896. Ranalla tubercularia “ Lam.”—Noetling, Mem. Oeol. Surv. Ind., Vol XXVII, 
part 1, pi vii, fig. 1. 

1901. Ranella protolubercularia Noetling (para). Pal, Ind., new ser., Vol I, part 3, 
p. 300, pi XX, fig. 9 (non fig. 8 RaneUa anfiqua). 

Minbu. 

Also in the Nari beds of Sind. 

Ranella anttqua n. sp. 

1001. RaneUa proioiubereularia Noetling (para). Pal. Ind., new ter.. Vol I, part 3, 
p. 306, pi XX, fig. 8 (non fig. 9 - RaneUa <n6erciil(ir«>). 

Kama. 
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Ranella (Pseudobubsa) fbomensis n. sp. 

1901. BmuBa degaiu Book tee. Noetling, Pal. Ind., new eer., Vol. I, pert 3, p. 309, 
pL xz. fig. 10. 

Kama. 

Cassidea bibmanica n. sp. 

1896. Cattit d’Arohiaoi Noetling, Mem. OtcA. Swrv. Ini., Vol. XXVll, part 1, p. 27, 
pLvi,flg. 1. 

1901. Cattie i Archiaei Noetllng, Pal. Ini., new eer., Vol I, part 3, p. 204, pL xix, 
fig. 14 (non) Cassia Arehiaei Bellardi, Mem. Soc. Oeol. Fr., 2nd eer., Vol. 
IV (1861), p. 224, pL siv, figs. 3, 6. 

Minbu. 

This species also occurs at Singu. 

Oassidaria echinophora [Linn.] var. moniltfera Noetling. 

1001. OaUoda monilifera Noetling, Pal. Ind., new ser., Vol I, part 3, p. 207, pi. xiz, 
fig. 16 (non fig. 17 = var. promensia). 

Singu. 

Cassidaria echinophora [Linn.] var. promensi.s n. var. 

1001. Oaieoia monilifera Noetling (para).. Pal. Ind., new ser., Vol I, part 3, p. 207, 
pi xix, fig. 17 {non fig. 16 = var. monilifera), 

Kama. 

PiRULA CONDITA Brongniart. 

1823. Pirtda condita Brongniart, Mem. terr. sed. sup. Vicentin, p. 75, pi. Ti, fig. 4. 

1891. Ficula condita Brongn.—Saooo, MoU. terr. terz. Piem. e Lig., VIII, p. 23, pL ip 
figs. 27.32. 

1895. Ficula theobaldi Noetling, Mem. Oeol. Surv. Ind., Vol. XXVll, part 1, p. 28, 
pL vi, fig. 5. 

1901. Ficula theobaldi Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 298, pi. ziz, fig. 

21 . 

The figured specimen is from Yenangyat. The locality “Minbu 
mentioned in Noetling’s second monograph is doubtful. Amongst 
Noetling’s specimens, the shells from Minbu referred by Noetling 
to Ficvla Theobaldi ” belong to another species, Pirida concinna 
Beyrich, of which they constitute a local variety. 

Pirula condita occurs in the Nari beds of Sind and Baluchistan, 
and is one of the commonest fossils of the oligocene and miocene of 
Europe. 

Pirula condita Brongn. var. singuensis n. var. 

190L Fkvla UmbMi Noetling, PA Ind., new ser., Vol. 1, part 3, p. 298, pL ziz, 

%. 20 . , 
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Fibula fbomensis n. sp. 

1901. Fioula spea Noetling, Pal. Ind., new aet., VoL I, part 3, p. 209, pi. xiz, fig. 22, 

Kama. 


CypBiEA (Bernayia) singuensis n. sp. 

1901. Aricia humerosa Sow. see, Noetling, Pai. Ind,, new ser., VoL 1, part 3, p. 291, 
pi. xiz, fig. 11. 

The figured specimen is from the so-called “ Zone of Aricia 
humerosa,'' presumably from the neighbourhood of Thayetmyo. 
The same form occurs abundantly at Singu. 


Cypr.®a (CypRiEOTRiviA) Oppenheimi n. sp. 

1896. Cyproea granti d’Aroh. sec. Noetling, Mem. Oeol. Surv. Ind., Vol. XXVII, part 
1, p. 26, pi. V, fig. 12. 

1901. Cyprcea granti d'Arohiac and Haima sec. Noetling, Pal. Ind., new aer., Vol. I, 
part 3, p. 290, pi. xix, fig. 12. 

The figured specimen is from Minbu. The species also occurs at 
Yenangyat. 


Trivia Noetlingi n. sp. 

1896. Trivia smithi Martin sec. Noetling, Mem. Oeol. Surv. Ind., Vol. XXVII, p. 26, 
pi V, fig. 13. 

1901. Trivia smithi Martin sec. Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 293, pi. 
xix, fig. 13. 

Yenangyat. 


Rimella (Dientomochilus) javana Martin. 

1879. Bostellaria javana Martin, Tertiarschichten auf Java, p. 60, pi. ix, fig. 7. 

1896. MosteUaria javana Martin, SamnU. des ged. Beichs-Mus. in Leiden, Vol V, 
pp. 67-69. 

1899. Bostellaria (BimeUa) javana Martin, Samml. des geol. Beichs-Mus. in Leiden, 
new, ser., Vol. I, p. 192, pi xxx, figs. 446, 446. 

? 1899. Bostellaria (Bimella) spinifera Martin. Samml. des geol. Beichs-Mus. in Leiden, 
new ser., Vol. I, p. 192, pi. xxx, figs. 447, 448. 

1901. CanceUaria neavoluteUa Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 338, 
pi. zxii, figs. 7, 8. 

Kama. 


Rimella (Dientomochilus) promensis n. sp. 

1901. BimeUa erispata Sow. sec. Noetling, Pal. Ind,, new ser., Vol I, part 3, p. 288, 
pi xix, figs. 9, 10. 


Kama. 
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Tubbitella anoulata J. de C. Sowerby. 

1830. Twrritdla anguUOa J. de C. Sowerby, Trans. Oeol. Son. Land., 2nd ser., VoL V, 
p. 328» pi. xxvi, fig. 7. 

1864. Turritella angtdata J. de C. Sow. D'Jrchiac and Hairnet Descr. an, foes, gr, 
numm, Inde, p. 204, pL xxvii, figs. 6*9. 

1901. Turritella angvlala J. de G. Sow. Noetling, Pal. Ind., new ser., VoL I, part 3, 
p. 272, p. xviii, figs. 13-15. 

1901. Turritella simplex Jenk. see. Noetling, Pal. Ind., new ser., Vol. I, part 3, p. 273, 
pL xviii, figs. 1-4. 

1001. Turritella acuticarinala Dunk. sec. Noetling, Pal. Ind., now ser., Vol. I, part 3, 
p. 274, pi. xviii, figs. 5-7. 

non Turritella angvlala Sow. see. Cossmann and Pissarro, Pal. Ind.^ new ser., 
Vol. Ill, part 1, p. 59, pi. vi, figs. 3-5 (1909). 

Turritella angulata, an extremely variable species, is one of the 
commonest fossils in the Gaj beds of Kachh, Sind and Kathiawar, 
where forms identical with those referred by Noetling to T. simplex 
and T. acuticarinala occur abundantly and are connected by every 
possible gradation with one another and with the typical form first 
described by Sowerby. 

The lower eocene fossil from the Ranikot beds of Sind referred 
by Cossmann and Pissarro to T. angvlala is specifically different, 
and may be distinguished as T, Ranikoti. It is much more elongate 
than the majority of specimens of T. angulata and is smaller and 
much less variable. The outline of the whorls posteriorly to the 
keel exhibits a double curvature which is never seen in T. angulata. 
The posterior slope, in the lower eocene form, always carries two 
conspicuous spiral threads which arc invariably delicately granu¬ 
lated,^ a character never observed in T. angulata. 

Amongst the specimens figured by Noetling, those of which the 
locality is known are from Singu and from Kama. 


Turritella Noetlingi n. sp. 

1901. Turritella spec. Noetling, Pal. lnd.t new ser., Vol. I, part 3, p. 277, pL xvii, 
fig. a 

Kama. 

^ This oharacter in not well shown In the originally figured types because they are in a 
weathered condition. 
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Turritella magnasperula Sacco. 

1895. TurriteUa {HauBtaJtw) magnaepertda Saooo, M6U, Urr^ Urz, Piem, e Lig,^ parte 
XIX, p. 18, pL i, figs. 65, 66. 

1805. TurriteUa afflnU d’A. and H. see. Noetling, Mem. Oeol. 8urv. Ind., VoL XXVII, 
part 1, pL V, fig. 4. 

1901. TurriteUa affiniformia Noetling, Pal. Ind., new ser., Vol. 1, part 3, p. 277, pL 
xviii, fig. 9. 

The specimen figured by Noetling is from Minbu. The species 
also occurs abundantly at Singu. It is also known from the oligocene 
beds of Baluchistan and of Liguria. 


Calliostoma Blanfordi Noetling. 

1895. TrochuB blanfordi Noetling, Mem. Oeol. Surv. Ind., Vol. XXVII, part 1, p. 16 
pi. iv, figs. 3,4.^ 

1901. CaUioBtoma blanfordi Noetling, Pal. Ind., new eer., VoL 1, part 3, p. 253, pL jnii, 
figB. 6-8; (non fig. 5 — C. ainguense). 

Yenangyat, Minbu. 


Calliostoma singuense n. sp. 

1901. CaUioatoma blanfordi Noetling (para). Pal. Ind., new ser., Vol. 1, part 3, p. 253, 
pi. zvii, fig. 5 ; (non figs. 6-8 — C. Blanfordi). 

Singu. 

Batissa Crawfurdi Noetling. 

1895. Batiaaa crawfurdi Noetling, Mem. Oeol. Surv. Ind., Vol. XXVII, p. 9, pL ii, figs. 

1-4, pi III, fig. 1. 

1896. BaHaaa petrolei Noetling, Mem. Oeol. Surv. Ind., Vol XXVII, p. 11, pi ii, fig. 

5, pi iii, figs. 2, 3. 

1901. Cyrena (Batiaaa) crawfurdi Noetling, Pal. Ind., new ser., Vol 1, part 3, p. 184, 
pi xi, figs. 3-8. 

1901. Cyrena (Baliaaa) petrolei Noetling, Pal. Ind., new ser., Vol I, part 3, p. 188, 
pi ii, figs. 9-11. 

At the uppermost limit of the pre-Irrawadi beds in the southern 
part of the Yenangyoung anticline. 


BatIvSSA kodoungensis Noetling. 

1901. Cyrena (Baliaaa) kodoungenaia Noetling, Pal. Ind., new ser., Vol I, part 3, p. 
183, pi xi, fig. 1. 

1908. Baliaaa kodaungenaia Noetling (pars).~Pa8Coe, Rec. Oeci. Surv. Ind., Vol. 

XXXVI,p. 144, pi. xix, figs. 1, 2, (non pi. xx, fig. 2 - Batiaaa Sethuramas). 

? 1908. Ba«wsai!odottnpensMNoetling.--Dalton,^ar<. Joum. Oeol. Soc., Vol. LXIV, 
p. 624, pi. Ivi, figs. 1, 2. 

East of Khodaung, Yenangyoung anticline; also probably at 
an unknown locality in the region of the upper Yaw. 

^ Not figs. 1,2. as erroneously recorded in the synonymy of Noetling's second mono- 
graph. 
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OsTBEA DiGiTATA Eichwald var. Bohlfsii Fuchs. 

1879. Otffrea RoKlfsii Fuchs, Denkschr, d. k, Akad. d, Tf., m.-n. XLI, part 2, 
p. 106, pi yi, figs. 5-8. 

1883. Oatrea digitalina Eiohw., var Rohlfaii Fuchs, Pai. XXX, p. 44, pi xii, figs. 
3-6, p. 61, pi xxii, figs. 1-3. 

1901. Oatrea pramenaia NoetUng, Pal. Ind., new ser., Vol I, part 3, p. 109, pi 88, 
fig. 3, pi iii, figs. 1, 2. 

1912. Oatrea digitalina Eiohw., var. Rohlfaii Fuchs, Vredenburg, Ree, Oeol. 8urv. Ind.^ 
Vol. XLI, p. 38, pi vi, figs. 1-4. 

Khayu Chaung (properly Keyu Chaung 17° 29', 96° 3') between 
the Pazwundaung Chaung and the Kenbati Chaung, southern Pegu 
Yoma. 

Kenbati (properly Kinpadi 17° 30', 96° 1') coincides with the 
locality designated as “ Keng-pa-dee ” on the map attached to 
Theobald’s geological description of Pegu in Volume X of the Memoirs 
of the Geological Survey of India. The locality of Theobald’s 
specimens is therefore situated about 50 miles north by west of 
Bangoon. 

The species is known to occur in the Akauktaung Scries. 

OsTREA ViRLETi Dcshaycs. 

1832. Oatrea VirUti Deshayes, Exp. acient. Mor., Ill, part 1, p. 123, 2nd ser., Gool, 
pi V, figs. 1,2, 

1879. Oatrea VirUti Desh.—Fuchs, Denkschr. d. k. Akad. d. W., math.-nat. Cl, Vol. 
XLI, part 2, p. 106, pi iv, figs. 1-9. 

1879. Oatrea hyotia Unn. aec. Martin, Tertiarsch. auf Java, p. 125, pi xxi, figs. 1,2. 

1883. Oatrea VirUti Desh.—^Fuchs, Pal., XXX, p. 43, pi ix, figs. 1-6, pi x, figs. 1-4; 

p. 61. 

1901. Oatrea peguenaia NoetUng.— Pal. Ind., new ser., Vol. I, part 3, p. 107, pi ii, 
fige. 1,2. 

Probably from the same locality as Ostrea digitata. This species 
is also known to occur in the Akauktaung Scries. 


I^^—STRATIQRAPHICAL LIST OP THE FOSSILS SPECIFICALLY 
IDENTIFIED AND CONCLUDING REMARKS. 

We shall conclude this review with a tabular statement of the 
forms revised mp to date, omitting only those that are specifically 
or generically undeterminable. The table shows the distribution 
of the several species in the four principal faunas dealt with in the 
preceding pages, namely those of Yenangyat, Minbu, Singu, and 
Kama, approximately coinciding, as already explained, respectively 
with the lower and upper Stampian, Ohattian, and Aquitanian 
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stages. Separate columns are not given for the Cytherea promensis 
bed, the so-called “ Zone of Aricia humerosa ’’ and the zone of Ostrea 
digitata and 0. Virleti on account of the small number of species 
recognized from those horizons. The so-called “ zone of Aricia 
humerosa ” is indicated in the column of “ other occurrences ” 
with the designation ‘‘ Thayetmyo,” the zone of Ostrea digitata and 
O. Virleti with the designation Akauktaung horizon.” The zone 
of Cyrena Crawfurdi of the Yenangyoung anticline is indicated 
with the designation ‘‘ Yenangyoung.” 

Apart even from hitherto unpublished species, the list by no 
means exhausts the number of forms now identified from the 
Tertiary of Burma, especially amongst the Siphonostomata, and 
therefore conveys a very inadequate idea of the constitution of the 
Burmese Tertiary fauna which we hope to discuss more fully on some 
future occasion. Several of the species of the following list not 
recorded in the columns respectively assigned to the Minbu and 
Singu faunas are now known to occur at those localities. In pre¬ 
paring the following list, no specimens have been taken into account 
other than those in the collections dealt with by Noetling. The 
object of the present notice, as already stated, is to record the 
amendments that have been foimd necessary in Dr. Noetling's 
monograph so far as it has been critically examined. It is hoped 
that the publicati(^n of the results already arrived at may increase 
the usefulness of Dr. Noetling’s work. 


Systematic list showing the distribution of the revised 

SPECIES. 



Terehra {Duplicaria) protodvplicata 
NoetL 

T. (Subula) Noetlingi n. ftp. . 

T. (NodUerebra) Bomarangana Mart. 
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Ststbucatio list showing the distribution of the revised 
SPECIES—confci. 



other OoourrenoeB. 


T. {Myuretta) prc^omyuroa Noetl. . 

„ queUenaia 

Clavatula protonodijera NoetL 

C. (Perrona) birmanica n. sp. var. 
ainguenaia 

C. {Perrona) munga NoetL 

Swrcula karenaica [Noetl] 

S- (Pleurojuaia) Feddeni NoeU. 

„ acala n. ap. 

PUurotoma {Hemipleurotoma) ytna- 
nenaia Noetl 


DrilUa protocincta Noetl 
„ proioinierrupta Noetl . 

D, (Crasaiapira) kamabnaia n. ap. 

promenaia NoeU. 
OoUeri n, sp. 
OenoUa iravadica NoeU. 

Oonua (Oonoapira) galttnaia NoeU. 
O, (Lepioconua) protofunma Noetl 
„ vinUneua Reeve. 

„ BofmUft Ooaam. 

kama Noetl 
T u t ei ann a Noetl 


Nari of Baltiohiatiii. 


Nari of Sind. 


Karikal and Mokran. 
Karikal 


t Thayetmyo. 
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StSTSMATIC list showing the DISTBIBUTION OV THE BBVISED 

SPECIES— corUd. 


C, (Lithoconus) odengenais Blait. • 

„ „ var. ofwe- 

nsia Noetl. 

„ „ var. bir- 

manica 
u. var. 

f, ineditus Mioht. 

M Iclcei Mart 

Merica paettdocancelkUa [Noetl] . 
OUveUa minbuensia n. Bp. 



Ancilla (Spareila) birmanica n. sp. . 

Athleta ( Volutoapina) Jacobai n. sp. 
Volvaria birmanica Noetl 
Clavilithea aeminudua Noetl . 
Laihyrua indicua n. ap. 

L. (PeriaUmia) OatUama [Noetl] 

Fosttfii [Bell] 

Melongena paeudobucephaia ISoeii . 

M. (Pugilina) praeponderoaa n. sp. . 

Siphonalia (KeUeiia) Iravadica 

Cyriochetna (Loxotapkma) minbnc^ 
iMM [Noetl] 

TriUmidea MarUniana [Noetl] 




Other Oooarrencee. 


G4j ofKaohh. 

? Thayetmyo. 

Cyiherea promenaia 
bed. 

Nari of 8ind» oligo* 
cene of Liguria. 

Thayetmyo. 

Cytherea pramenaia 
bed. 

Thayetmyo. 

Oligooene of ligaria. 

Cfftherea promenaia 
bed. 
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Ststbmatio list SHOwma thb sistbibution of thb bbvisbd 

SPEOIBS— corOd. 


Ebuma lutosa Lam. var. 

Mutex {Chicoreua) arakanenais 
NoeU. 

M. {Muricantha) iravadicua n. sp. . 


yenanenaia n. var 

Tritonium (Lampuaia) dubium 
[NoetL] 

Bindaia birmanica n. sp. 

„ neaatriaJtula [Noetl.] 

„ pairdcdia [Noetl.] 

„ neacolubrina [Noetl.] 

RaneUa tubercvlaria NoetL 
„ arUiqua n. sp. . 

B, (Faeudoburaa) promenaia n. sp. . 

Caaaidea birmanica n. sp. 

Caaaidofia echinophara [linn.] var. 
tnoniUfera Noetl. 

Caaaidairia echinophara [Linn.] var. 
promenaia n. var. 

Pirvia condita Brongn • 


„ var. ainguenaia n. var. 
promenaia n. sp. 

Oypraea (Bmmifia) aingmnaia n. sp. 




Nari of Sind. 


Nari of western India, 
oiigooene and mio* 
oene of Europe. 


Thayetmjo. 
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Systematic list showing the distribution oe the revised 

SPECIES—COWC?d. 


— 

Yenangyat 

(Stampian.) 

Minbu 

(Upper Stampian.) 

J 

*.*3 

•*.* 

Kama 

(Aquitanian.) 

Other Occurroncos. 

C. (Cypraeolrivia) Oppenheimi n. ap. 




( 

1 

1 





1 


Trivia Noeilingi n. sp. . 






RimeUa {DierUomochilus) javana 
Mart. 



1 ! 

1 


Bimella (Dientomochilus) pfromeneia 





TL sp. 




1 


Turriidla anguUUa Sow. . . ' 





G4j of western India. 

„ Noeilingi n. sp. 





,, magnaaperula Sacco. 





Nari of Baluchist&n. 

CaiUoatoma Blanfordi NoeU. . 

„ ainguenae n. sp. . 










Batiaaa Crawfurdi NoeU. 





Yenangyaung. 

„ kodoungenaia NoeU. . # 





Yenangyaung. 

Oatrea digitaia Eichw. var. RoMfaii 
Fuchs. 





Akauktaung horizon, 
Mekran b^a. 

Oatrea Virleii Desh 





Akauktaung horizon, 
Mekran bedei 


Incomplete though it may be, the foregoing list illustrates some 
interesting features in the distribution of the species. The indepen¬ 
dence of the Kama fauna compared to the three other faimas, 
as had already been noticed by Dr. Stuart, is particularly evident. 
The Singu fauna, with 17 species, is intercalated between the Minbu 
and Kama faunas, including 27 species each, and therefore of equal 
relative importance; yet, it contains no less than 9 fully identical 
forms in common with the Minbu fauna, and only 2 in common with 
^at of Kama, the latter figure rising to four if we also take varieties 
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into consideration. It has even more species in common with the 
Yenangyat fauna from which only 18 forms have been identified, 
than with the Kama fauna, the instances of full identity with Yenang* 
yat amounting to 4, and with Kama, as already mentioned, to not 
more than 2. If, in addition to instances of full identity, we also 
take into account species represented by varietal modifications, the 
number of identical species in the Singu fauna rises to 4, as already 
mentioned, when compared with that of Kama, and 6, when com¬ 
pared with that of Yenangyat. The difference in the degree of 
relationship cannot altogether be attributed to differences of facies, 
for, while the Singu fauna certainly corresponds with shallower 
conditions of deposition than the deep-sea fauna of Kama, the 
bathymetric conditions of the Minbu and especially of the Yenang¬ 
yat fauna do not widely differ from those of Kama. 

The intermediate position of the Minbu fauna relatively to those 
of Yenangyat and Singu is indicated by the approximately equal 
proportion of common species on both sides: 10 with the Yenangyat 
fauna, 9 with that of Singu. 

Amongst the forms dealt with by Noetling that have, so far, 
been examined, only one, Clamlithes seminudus, is common to the 
four faunas. 

It may be noticed that out of 43 species constituting the aggregate 
fauna of Yenangyat, Minbu and Singu, there are six that occur also 
in the Nari beds of western India, which are known to be of oligocene 
age. Two of these, Conus ineditus and Turritella magnasperula^ are 
characteristic oligocene fossils in Europe, while Pirula condita occurs 
abundantly in Europe, both in the oligocene and miocene. Another 
form, Vasum basilicum, not known in western India, also charac¬ 
terises the oligocene of Europe. These characteristic oligocene forms 
are fairly equally distributed through the three faunas of Yenangyat, 
Minbu and Singu. Attention may also be drawn to the genus 
Volvaria, not known in Europe in beds newer than oligocene. 

The oligocene age of the Yenangyat-Minbu-Singu fauna cannot 
admit of any doubt. 

Amongst the forms from the Yenangyat-Minbu-Singu fauna enu¬ 
merated in the foregoing list, there is only one instance of full identity 
with a G4j fossil, Turritella angulata, only found in the newest 
subdivision^ the Singu stage. Conus odengensis. also a 6&j species, 
ia represent at Minbu and Singu by a different variety. 
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Amongst the Kama fossils of the foregoing list, there are two 
instances of full identity with the G&j fauna of western India: 
Conus odengensis and Turritella angulaia. Pour species, Ter^a 
samarangana, Drillia jyrotodncta, Conus odengensis, and Rimdla 
javana, occur in the Tertiary beds of Java, either at the horizon of the 
6&j in the Rembang and Njalindung Series, or at newer horizons. 
Conus Bonneti and Conus vimineus are known from the Upper 
Tertiary beds of Karikal, the latter being known also from the 
Mekran Series. 

The foregoing list includes three species still living, Confis vimi¬ 
neus, Ebiima lutosa, Cassidaria echinophora, all three of which are 
known in the Kama fauna, while the form last named is also known 
in the fauna of Singu. The proportions of living forms reckoned 
from a fauna represented only by a small number of species are 
apt to mislead, and a full discussion of the relationship of the fauna 
to that of the present day will best be deferred to a future occasion 
when fuller lists of species can be taken into consideration. 

The present revision affords important data in support of the 
extremely interesting conclusions arrived at by Mr. Cotter r^arding 
the gradual deepening, in a southern direction, of the basin in which 
were deposited the Tertiary strata of the Irrawadi region. This 
question has been ably discussed in several of Mr. Cotter’s valuable 
contributions to the geology of Burma. (See especially: Rec, Geol, 
Surv, Ind,, Vol. XLIV, p. 166, Vol. XLVII, p. 63 and map, pi. i, 
Journ, As, Soc, Beng., new ser., Vol. XIV, pp. 609 S.). In what¬ 
ever manner we may interpret the equivalence of the marine Akauk- 
taung beds, their presence in Lower Burma constitutes a powerful 
argument in support of the conclusions established by Mr. Cotter, 
for, if they coincide with the stratigraphical gap below the Irrawadi 
Series of Upper Burma, they represent, in Lower Burma, the persis¬ 
tence of a marine basin when the .egion further north must have 
emerged; or, if, as is more probable, the marine Akauktaung 
beds are equivalent to the fresh-water Irrawadi Series, they obviously 
indicate, in southern Burma, a deeper lie of the earth’s crust than 
further north during the period of their deposition. 

The facts discussed in Parts I and II of the present study have 
demonstrated the contemporaneity of the estuarine Batissa beds 
of the petroliferous anticlines of Upper Burma with the marine 
beds of either the Kama or Pyalo stage further south. Mr. Cotter 
has already commented on the lateral variation of facies in a northerly 
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direction which affects “ the Kama Clay, a formation which is 
represented by sands or conglomerates without well preserved fossils 
in Minbu/’ (Joum. As, Soc, Beng., new ser., Vol. XIV, 1918, p. 414). 

We wish particularly to draw attention to the fact that Mr. 
Cotter’s conclusion regarding the emergence of the Arakan Yoma 
in eocene times (Journ, As, Soc, Beng,, new ser., Vol. XIV. p. 412), 
entirely corresponds with Dr. Tobler’s conclusions regarding the 
period of upheaval of the Barissan Range which constitutes its 
southern extension in Sumatra. {Tijdschr, van het koninkl, nederl, 
aardrijkshundig genootsch,, Jaarg, 1906, p. 292, and concluding 
general tabular statement). At as early a period as the eocene, 
the great longitudinal depression constituted by the Irrawadi basin, 
the sea of Pegu, and the lowlands of East-Sumatra, already existed 
as an elongated area of subsidence between the two concentric 
orographic elements Naga-Arakan-Andaman-Nicobar-Barissan and 
Shan-Malacca-Banka, and was already more or less continuously 
separated from the Indian Ocean by the Arakan-Barissan line of 
upheaval. 
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Note on the Marine Fossils collected by Mr. 
Pinfold in the Garo Hills. By E. Vredenburg, 
Superintendent, Geological Survey of India. (With 
Plates 8 and 9.) 
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INTRODUCTION. 

I N a previous coninuinication {Rcc. Geol. Surv. Ind., Vol. L, p. 126), 
Mr. l^infold has given the stratigraphical details regarding 
the occurrence of the interesting tertiary fossils which he has been 
so good as to place at niy disposal for study. 

The fossils collected by Mr. Pinfold were obtained from two 
localities of which the more easterly is near the banks of the Sumes- 
wari river, one mile and a half south-west of the village of Bagmara, 
the more westerly, four miles north of the town of Dalu. The 
rock containing the fossils is of a blue colour weathering to yellowish 
green, and varies from a clay to an impure argillaceous and cal¬ 
careous fine-grained sandstone, A^ntli minute grains of quartz and 
mica. Tlie rock from Dalu is generally more arenaceous than that 
from Bagmara. 

The organic remains are mostly those of mollusca with delicate 
shells, such as might have lived at a depth of some thirty fathoms. 
There are also shark’s teeth and otoliths. 

The shells are mostly fragmentary and include specifically 
undeterminable specimens of Conus, Oliva, Murex, Natica, Solarium, 
Calyptrcea, Area, Pecten, Ostrea, Lucina, Dosinia, Venus, Tellina, 
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in addition to which the following nine forms have been specifically 
identified :— 

Terebra protomyuros Noetl. 

Surcula promensis n. sp., var. siliHrensis. 

Drillia 'proiocincta Noetl. 

„ tjemoroensis Mart. var. 

Mitra chinensif! Gray, var. subffcrobirtflata d’Orb. 

Siphonalia suhspadicea n. sp. 

Tmritelh Pinfoldi n. ap. 

,, angulata Sow. 

Calliostoma promense n. sp. 

DESCRIPTION OF FOSSILS. 

. The following notes are concerned with the species enumerated 
in the foregoing list. 

Several of the forms obtained by Mr. Pinfold belong to species 
hitherto unpublished, which are described in detail below. 

Terebra (Myxjrella) protomyuros No^ling. 

1901. Terebra Noetling.— Pai. Ind., new ser., Vol. I, part 3, p. 335, pi. 

xxii, fig. 14. 

1901. Stricierebrum bicinctum Mart. sec. Noetling.— Pal. Ind., new ser., Vol. I, part 3, 
p. 337, pi. xxii, fig. 15. 

non Terebra bicincta Hinds, 1843. 

non Terdbra bicincta Martin, 1879. 

The Bagmara specimens correspond with the typical form from 
Burma. The fossil referred by Noetling to Terebra bicincta Martin 
belongs to the same species as the type of T. protomyurosy though 
the Javanese T. bicincta also exists in Burma, and may be 
distinguished as Terebra Martin its specific name being pre¬ 
employed. 

Occurrence. —Bagmara. 

Surcula promensis n. sp. 

PI. VIII, figs. 1-3. 

Both the localities explored by Mr. Pinfold have yielded specimens 
of a handsome Surcula which corresponds specifically with a fossil 
from the Kama horizon of Burma, although exhibiting some slight 
differences wliich may entitle it to rank as a variety. The Burmese 
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specimens are more complete than those from the Garo hills, and it 
will be convenient to describe them as representing the typical form. 

Description .—Fairly large, ventricose, with broad conical spire 
measuring half the total height, and with broad body-whorl rapidly 
contracted anteriorly into a stem of medium length, rather tortuous 
at its extremity. The apex is missing in all the available specimens. 
The number of whorls following the protoconch should probably be 
ten. Their height is equal to two-fifths of their breadth, the maxi¬ 
mum thickness being situated close to the anterior margin, or even, 
at the earliest stages of growth, coinciding with it. The linear, 
inconspicuous, finely wavy sutures, are surrounded by a moderately 
broad, moderately prominent raised band which, at the earliest 
stages of growth, is divided into two very unequal portions, of which 
the anterior one, which is the broader and more prominent, consti¬ 
tutes a torus-shaped spiral thread, wliile the narrower posterior 
portion fits tightly round the anterior margin of the preceding 
whorl, the ribs or nodosities of which account for the fine waviness 
of the sutures. With increasing growth the portion nearest the 
suture becomes divided by a groove, and fine spiral lines are developed 
on the anterior torus-shaped portion, which gradually widens till 
it separates into several narrow threads, the sub-divisions of the 
posterior portion also assuming the appearance of thin threads, 
till, in full-grown specimens, the entire circumsutural band assumes 
the appearance of a moderately broad, rather flat rim bearing six 
or seven contiguous spiral threads of irregularly alternating dimen¬ 
sions, amongst which the original disposition of the. earlier whorls 
is no longer recognisable. Slight nodosities are observed on the 
circumsutural band of some specimens. 

At the earliest stages of growth, the portion of the whorls situated 
between the circumsutural band and the anterior margin has the 
shape of a slightly quirked ogee (inverted when the shell is placed 
with apex upward); the concave and convex portions are about 
equal. With increasing growth the concave portion increases consi¬ 
derably in relative height at the expense of the anterior portion. At 
the same time, its degree of curvature decreases, and it assumes 
the appearance of a broad, slightly concave, conical shape. The 
anterior portion, now reduced to the condition of an anterior marginal 
swelling, becomes feebly convex, almost cylindrical, slightly con¬ 
tracted towards the anterior margin. Numerous thin, rod-like, short 
ribs, rather strongly oblique and anteriorly antecurrent, narrower 

l2 
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than the intervening spaces, decorate the anterior band. They 
have a tendency to swell at their posterior terminations along the 
margin of the concave band. On the last spire-whorl these swollen 
terminations tend to assume more definitely the appearance of 
distinct nodes, anteriorly to which the original ribs tend to lose their 
individuality through bifurcation. Delicate spiral threads, usually 
broader than the intervening spaces, or even quite contiguous and 
separated by mere linear furrows, cover the entire surface of the 
anterior marginal swelling and of the concave band. On the second 
spire-whorl beyond the protoconch, their number is four or five 
on the anterior marginal swelling, and about the same on the concave 
band. With increasing growth their relative number increases more 
on the concave band than on the anterior marginal swelling, in con¬ 
sequence of the alteration in the relative width of these two elements, 
until, on the last spire-whorl of full-grown specimens, there may be 
as many as eleven spiral threads on the anterior marginal swelling 
and fifteen on the concave band. In some specimens more than in 
others, they alternate more or less regularly in two sizes. Tliose 
decorating the anterior marginal swelling are always much broader 
than the intervals, while, in exceptional cases, they may become 
narrower than the intervals on the concave band at later stages of 
growth. All the spiral ornaments are elegantly decussated by the 
lines of growth w’^hich are steeply antecurrent or even, at later stages 
of growth, normal to the posterior suture, and which form, near the 
posterior margin of the concave band, a deep sinus, anteriorly to 
which they are very oblique and anteriorly antecurrent, curved 
with forwardly directed convexity, and reach the anterior margin 
antecurrently. 

The large body-whorl measures five-sevenths of the total height. 
Antenoriy to the posterior part of the body-whorl which corresponds 
in shape with the spire-whorls, the base contracts rapidly with a 
very flat outline connected by a broad concavity with the terminal 
stem, which is of medium length, tapering in an anterior direction. 
It is terminated by a truncation oblique towards the right of the 
shell, the accretions to which constitute a steeply winding, slightly 
bulging zone in consequence of which the extremity of the stem is 
slightly deflected dorsally and towards the left of the shell. Over 
the posterior portion of the body-whorl, corresponding with the 
spire-whorls, the ornamentation is the same as on the last spire- 
whorl, the ribs being reduced to delicate oblique nodes along the 
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angulation that divides the posterior slightly concave slope from 
the anterior convexity. Anteriorly, from the level of the suture to 
the terminal zone of accretions, the whole surface is decorated with 
spiral threads alternating fairly regularly in three orders, those of the 
first order being always particularly conspicuous, the difl!erence in the 
degree of prominence between them and the threads of the second 
order being much more marked than the difference between the 
threads of the second and third order. The two first principal 
threads anteriorly to the level of the suture are slightly more pro¬ 
minent than any of the other principal threads of the body-whorl. 
All the priiici])al threads of the body-whorl are elegantly granulated 
by the intersections with the raised lines of growth. The lines of 
growth are antecurrent anteriorly as far as the more anterior of the 
two particularly prominent threads above mentioned, anteriorly 
to which they are vertical up to the margin of the terminal twisted 
zone. The terminal zone has a strongly scaly structure, which to a 
great extent confuses and obliterates the thin, crowded, raised spiral 
lines with which it is decorated. 

The large a})erture is broadly lanceolar, posteriorly angulated, 
anteriorly contracted into the oblique terminal canal. The columella 
is oblique, with a broad convex bend opposite the entrance to the 
canal, anteriorly to which it becomes still more oblique towards the 
left of the shell up to its termination. The columellar lip is extremely 
thin, rather ill-defined at its posterior termination. The outer lip, 
normal to the suture, is strongly prominent anteriorly to the rather 
broad sinus. The internal walls of the shell carry rather wide¬ 
spaced, delicate, sharply defined revolving lirse. 


Dimensions. 

mm. 

Height.35 

Thickness . 16 

Height of spire.18 

Height of body-whorl.24 


Occwrrewcc.—Kyaungon, Myaukmigon, Thanga. 

Comparison with other species. —This is undoubtedly a premuta¬ 
tion of Surcula javana Linn. (S. nodifera Lam.), of the eastern 
seas from Malacca to Japan, compared with which the Burmese fossil 
is somewhat smaller with a slightly broader spire. Its sinus band is 
decidedly broader, more distinctly concave, and not so sharply 
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marked off from the posterior circumsutural rim and the anterior 
circle of nodes. The Burmese fossil is further distinguished by the 
granulations of the body-whorl and by the internal liree. 

In several of its characters, such as the relatively feeble pro¬ 
minence of the anterior nodes, the granulations of the base, and the 
internal lirsB, this shell agrees with some of the fossil varieties of 
Surcula javana described by Martin from Java {Samml. des geol. R.- 
Mm. in Leiden, new scr., Vol. I, p. 27, fig. 67), which represent 
therefore an intermediate link between the Burmese fossil and the 
living species. 

The fossil specimen of Surcula javana described by Cossmann 
from Karikal (1900, Journ. Conch., Vol. XLVIII, p. 33, pi. iii, fig. 8) 
agrees with the recent form in the absence of granulations from the 
base, though it still recalls the Burmese and Javanese fossils owing 
to the feeble prominence of the anterior nodes. It seems evident that 
a continuous history of the development of the recent species is 
recorded by these successive fossil occurrences. 

Surcula promensis var. silistrensis. 

PI. VIII, fig. 4. 

Compared with the Burmese type, the Garo specimens are ^ 
distinguished by a slightly narrower shape and slightly more crowded 
nodes along the anterior swelling of the whorls. In some specimens 
from both the localities explored by Mr. Pinfold, the nodes disappear 
entirely on the last spire-whorl and body-whorl, while the spiral 
threads over the entire surface of the last spire-whorl and the corres¬ 
ponding part of the body-whorl become very conspicuous and 
uniform ; such specimens constituting a local race which might be 
distinguished as dimorpha. In some specimens the circumsutural 
swelling maintains its unsymmetrical bipartite disposition up to the 
termination of the spire, and even on the body-whorl where it 
constitutes an almost uniform, flat, band, with only some feeble 
threads or striations distributed over the original main divisions; 
this disposition being observed only in such specimens in which 
the anterior nodes remain well developed throughout the whole 
shell. In accordance with the peculiar smoothness of the circum¬ 
sutural swelling, such specimens never exhibit any posterior nodes, 
while the circumsutural swelling is slightly nodular at early stages 
of growth in some specimens of the race dimorpha. 
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All the other characters described from the Burmese specimens 
are exactly reproduced in the shells from the Garo Hills. It should 
be noticed that, in the race dimorpha, in spite of the absence of nodes 
anteriorly to the sinus-band on the body-whorls the base is as dis¬ 
tinctly granulated as in the other races or varieties. Owing to the 
friability of the Garo specimens, it is not possible to clear the interior 
of the shells c f their rocky contents; fortunately one of the specimens 
exhibits, on the rocky infilling, a distinct internal cast of the inner 
walls of the body-whorl, showing that they are lirate just as in the 
Burmese specimens. 

0^ving to their slightly narrower shape, the Garo specimens 
approach Surcula javana, in general outline, more than the Burmese 
shells; this being counterbalanced by the complete disappearance 
of the nodes at later stages of growth in the race dimorpha^ the 
ornamentation of which thereby differs from that of Surcula javana 
more than that of the Burmese form. The Garo form is a collateral 
development relatively to the Burmese species, and does not con¬ 
stitute an intermediate link between the Burmese form and Surcula 
javana. 

Dimensions ,—The following are the restored measurements of 
a specimen from the neighbourhood of Bagmara :— 

mm. 


Height.50 

Thiokness ...18 

Height of spire ........ 24 

Height of body-whorl.32 


Occurrence, —Bagmara, Dalu. 


Drillia protocincta Noetling. 

1901. DriUia j^otocincta Noetling.— Pal, Ind,, new ser., VoL I, part 3, p. 356, pi. 
xxiii, tigH. 6, 7. 

1906. Pleurotoma (DriUia) madiutnensie Martin.— Samtnl, des geol, Reichsmus, in 
Uiden, n. F., Vol. 1. p. 296, pi. XLIIl, fig. 707. 

The specimens from the Garo hills are well preserved and strictly 
correspond with the Burmese and Javanese fossils. 

Occurrence, —Dalu. 


Drilua (Brachytoma) tjemoroensis Martin, var. 

1906. Pleurotoma (DriUia) tjemoroensis Martin.— Samml, de», gecl. Reichamtks, \n 
Leiden^ n. F., BcL 1, p. 295, pi. xliii, fig. 705. 

This species is abundantly represented in Burma by a variety 
which differs from the s'^lit^ary Javanese type owing to its slightly 
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less numerous ribs. It is also represented, in the collection from the 
Garo hills, by a specimen which agrees with the Burmese variety. 

Occurrence, —Dalu. 

Mitra chinensis Gray, var. subscrobiculata, d’Orbigiiy. 

1839. Mitra chinensis Gray, —Beechey's Voyage, p. 125, pi. xxxv, fig. 2. 

1839. Mitra scrobiculata Brocohi 7—J. de C. Sowerby, Trans, OecH, Soc. Lond., 2nd 
ser., Vol. V, pi. xxvi, fig. 23. 

1852. Mitra subscrobiculata d’Orbigny. Prodr. Pal, Vol. Ill, p. 64, No. 922. 

Mr. Pinfold’s collection contains a specimen of a Mitra identical 
with the above quoted fossil from Kachh, first described by Sowerby. 
Like the Kachh form, the specimen from the Garo hills differs from 
the living Mitra chinensis by the smaller size of the full-grown 
condition, and the more slender outline at equal dimensions. 

Occurrence, —Bagmara. 

SiPHONALIA (KeLLETIA) SUBSPADICEA n. Sp. 

PI. IX, fig. 6. 

Medium-size, moderately ventricose, with moderately broad 
conical spire, slightly contracted at the sutures, equal to nearly 
half the total height. 

The protoconch is broken in the solitary available specimen. 
It is followed by five spire-whorls, the height of which is equal to 
two-fifths of their width, the maximum thickness being situated 
quite close to the anterior margin. They exhibit a continuous 
almost even convexity except quite close to the posterior margin 
where the outline is inflected, through a short concavity, into a 
short nearly vertical surface closely fitting round the anterior 
sportion of the preceding whorl. There is sometimes a feeble angula¬ 
tion close to the anterior margin. The sutures are linear, incons¬ 
picuous, slightly wavy. The whorls are decorated with almost 
vertical ribs, the exact number of which cannot be ascertained on 
the first two whorls following the protoconch on account of the 
surface of the shell being weathered. On each of the three last 
spire-whorls, their number is eleven. They are convex and some¬ 
what narrower than the intervening spaces. In addition to the 
axial ribs, the whorls carry, at first, seven well-defined spiral threads, 
narrower than the intervals. The most posterior thread encircles 
the posterior suture, the most anterior one almost coincides with 
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the anterior margin. The second thread, counting from the posterior 
margin, forms the anterior limit of the steep narrow circumsutural 

region. The sixth tread, that is, the second counting from the 

anterior margin, coincides with the slight anterior angulation of 

the convexity. On the penultimate spire-whorl, the number of 
spiral threads increases to ten on account of the development of 
intercalary threads of a second order, bisecting each of the three 
more anterior primary intervals, which are somewhat wider than the 
three posterior intervals. On the last spire-whorl, an intercalary 
thread also appears in the fourth interval counting from the anterior 
margin, thereby raising the total number of spiral threads to eleven. 
The lines of growth are crowded, evenly distributed, extremely 

delicate, antecurrent to the posterior suture, normal to the anterior 
margin. 

The large body-whorl measures five-sevenths of the total height. 
The posterior portion of the body-whorl is similar in outline to the 
spire-whorls of which it forms the continuation. Anteriorly to the 
level of the suture, the surface contracts gradually with a moderate 
convexity continuous w^ith that corres])onding to the convex surface 
of the spire-whorls; the main portion of the body-whorl thereby 
acquiring a globose or ovoid outline, anteriorly connected, by means 
of a shallow concavity, ^vith the anterior stem which is slightly tor¬ 
tuous in consequence of the steeply twisted zone of accretions of 
the terminal notch. The axial ribs, on the body-whorl, are much 
wider-spaced than on the spire-whorls, their total number amounting 
only to eight. In an anterior direction they disappear before reach¬ 
ing the concave zone of the base, with the exception of the last rib 
accompanying the aperture, w^hich is more prominent than the 
others, and reaches the anterior stem. The two or three last ribs 
previous to the terminal rib exhibit a slight tendency to become 
spinose at the level of the angulation continued from the anterior 
portion of the spire-whorls. The spiral ornamentation of the last 
spire-whorl is continued, without any change, over the corresponding 
portion of the body-whorl. Anteriorly to the level of the suture, 
the whole of the convex portion of the base is ornamented with 
spiral threads regularly alternating in two orders of magnitude, and so 
distributed that, of the six primary intervals that separate the 
threads of the first order, the three most posterior ones are of the 
same width as the adjacent primary intervals continued from the 
spire-whorlsi while the three more anterior ones are much wider. 
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The spacing again contracts on the concave zone, which carries three 
threads of the first order, with only very fine, indistinct raised lines 
bisecting the intervals. On the terminal stem, the alternation in two 
well-developed orders is once more resumed, with a total number^ of 
seven or eight threads as far as the terminal twisted zone, which only 
carries slightly scaly accretions of the terminal notch, without dis¬ 
tinct spiral ornaments. The lines of growth, on the posterior por¬ 
tion of the body-whorl coinciding with the spire-whorls, are disposed 
in the same way as on the spire. Anteriorly to the level of the 
suture, they are vertical as far as the concave zone where they be¬ 
come anteriorly retrocurrent, the obliquity increasing on the anterior 
stem, till they become transverse on the terminal twisted zone 
which they cross with a shallow sinuosity corresponding to the 
anterior termination of the canal. 

The aperture, greatly obscured in the solitary available specimen, 
by a rocky incrustation that cannot be safely removed, is oval- 
lanceolar, abruptly contracted anteriorly into a narrow canal steeply 
oblique anteriorly towards the left, slightly curved with concavity 
turned to the right, and slightly deflected dorsally. The columella 
exhibits a bend opposite the origin of the canal, anteriorly to which 
it shares the steep obliquity of the canal anteriorly towards the 
left, while, posteriorly to the bend it is at first steeply oblique in 
the opposite direction, and merges, by means of a gentle curvature, 
into the base of the penultimate whorl. The columellar lij) is 
almost entirely concealed, but is evidently not thickened. The 
most posterior portion of the outer lip is antecurrent to the suture; 
the greater part of its course is straight and vertical, becoming 
anteriorly retrocurrent only on approaching the anterior termina¬ 
tion of the shell. Externally it is thickened, almost throughout its 
entire length, by the prominent terminal rib. Its sharp margin is 
frilled by the terminations of the spiral ornaments, the lines of 
growth becoming slightly squamose in the immediate neighbourhood 
of the margin. The internal characters of the outer lip are entirely 
concealed. 


Height 

Thiokne 


Heic^ of eyke • 

. Hei^t of bodijr-irhoirl . 


mm. 

28 

14 

13 

20 


Dimensions. 
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Occurrence. —Dalu. 

Comparison mth other species .—This shell belongs to a group of 
upper tertiary and recent eastern forms, all of which are very closely 
related to one another, including Siphonalia nodtdosa [J. de C. Sow] 
from the miocene of Kachh, a very closely related mutation, as yet 
unpublished, from the upper miocene or pliocene of the Mekxan, S, 
tjibaliungensis Martin, from the pliocene of Java, and the recent 
species S» spadicea [Reeve], from Japan, S, fusoides [Reeve] also 
from Japan, S. nwdiJiccUa [Reeve] from Japan and Lower California, 
and S. varicosa [Chemn.], of unknown habitat. Amongst all these 
species, the recent S. spadicea comes nearest to the above-described 
fossil which is practically identical in shape, but is distinguished 
by the increased spacing of the axial ribs on the body-whorl, while 
the spiral decoration of the base is finer and more crowded in the 
living form than in the fossil. The above-described fossil also resem¬ 
bles Siphonalia nodulosa from the miocene of Kachh, but it is more 
slender than the Kachh form, and its axial ribs are narrower relatively 
to the intervening spaces. 

Turritella Pinfoldi n. sp. 

PI. IX, figs. 9-11. 

Medium size, very elongate. The spire is equal to five-sixths 
of the total height. The protoconch is missing in all the available 
specimens. The number of spire-whorls following the protoconch 
is about sixteen. Their height is equal to three-fifths of their 
thickness, the maximum width being situated close to the anterior 
margin. The general outline of each whorl expands with a steep 
conical surface from the posterior margin to the region of maximum 
width, beyond which the short remaining space as far as the anterior 
margin contracts also with a conical surface, opposed to the first, 
and of somewhat wider angle. Each whorl carries three narrow 
prominent keels, one of which coincides with the zone of maximum 
thickness. The linear sutures lie in the concave depression between 
the most anterior keel of one whorl and the most posterior keel 
of the next whorl. Of the intervals between the three keels the 
more anterior one is distinctly the widest in some specimens in which 
the more posterior interval is equal to the space between the posterior 
keel and the suture. In other specimens there is scarcely any 
difference between the two intervals, in which case the space between 
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the posterior keel and the suture is wider than the posterior interval. 
Along the anterior margin of each whorl is a thread much less pro¬ 
minent than the keels, half concealed by the posterior edge of the 
next following whorl. The concave surface in which lies the suture, 
and the concave intervals between the keels, are divided into a 
multitude of extremely fine threads, visible only with the aid of a 
lens, separated from one another by linear incisions. Amongst 
these minute threads, the one bisecting the space between the pos¬ 
terior keel and the suture, is often slightly more prominent than 
the remainder. A similar disposition, though less marked, may 
sometimes be observed also in the intervals between the keels. 
The lines of growth are oblique, slightly curved, with forwardly facing 
concavity; they are strongly antecurrent to the posterior suture, 
retrocurrent, though less obliquely, towards the anterior margin. 

The body-whorl measures one-quarter of the total height. The 
portion forming the continuation of the spire exhibits the same 
outline as the spire-whorls and is followed by a short, rapidly con¬ 
tracted, broadly conical base. The ornamentation of the spire is 
continued over the portion corresponding with the spire-whorls. 
The anterior, half-concealed thread of the spire-whorls, on running 
free of the suture, circumscribes the base which carries some fine spiral 
threads. 

The rounded aperture^ is incompletely preserved, the columella 
and columellar lip being broken in all the available specimens. The 
outer lip is very oblique, antecurrent to the suture. 

Dimensions ,—The following are the approximate restored 


measurements :— 

mm. 

Height ••.•••••..66 

ThiokneBs.17 

Height of spire.. ... 54 

Height of body-whorl..14 


Occurrence. —Bagmara, Dalu; Myaungu in Upper Burma. 

Variability .—The specimens from the Garo hills mostly have 
the intervals between the keels distinctly unequal, while they are 
subequal in the specimens from Burma. The shells from both regions 
agree in all other characters. 

Comparison with other species .—The only tertiary three-keeled 
forms that are as elongate, or even more elongate than the above- 
described shell, asa Turritella oegyptiaca Mayer-Eymar, from the 
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Lower Lybian of Eg 3 rpt, and T. Hollandi C. and P., from the lower 
eocene of Sind, which is perhaps the same species. These lower 
eocene shells are distinguished by their more evenly convex whorls, 
the maximum thickness of which coincides with the central keel, 
not, as in the Garo and Burma fossil with the anterior kecU Turritella 
tricarinata Brochi, fossil from the miocene and pliocene of 
Europe, living in the seas of Europe and West Africa, also has the 
whorls more evenly convex, while its general outline is somewhat 
less elongate than that of the shell above-described. The recent 
three-keeled species, Turritella trisulcata Lam. (Red Sea), T. cingu- 
lata Sow. (Valparaiso), T, cornea Lam. (Europe) are more broadly 
conical than the shell under consideration. 

Turritella anoulata J. de 0. Sowerby. 

1839. TurriteUa angulata J. de C. Sowerby.— Trans. Oeol. Soc. Lond., 2nd ser., Vol. 
V, pi. xxvi, fig. 7. 

1854. Turritella angulata J. de C. Sow.—D'Archiac and Haime, Deacr. an. foas. gr. 
numm. Inde^ p. 294, pi. xxvii, figs. 6*9. 

1901. TurriteUa angulata J. de C. Sow.—Noetling, Pal. Ind.y new ser., Vol. I, part 3, 
p. 272, pi. xviii, figs. 13-15. 

1901. Turritella simplex Jenk. sec. Noetling, Pal. Ind.y new ser., Vol. I, part 3, p. 273, 
pi. xviii, figs. 1*4. 

1901. Turritella aruticarinata Dunk. sec. NoetlingPo/. Jnd., new ser., Vol. 1, part 3, 
p. 274, pi. xviii, figs. 5-7. 

non Turritella angulata Sow., sec. Oossmann and Pissarro, Pal. Ind.y new ser., 
Vol. Ill, part 1, p. 59, pi. vi, figs. 3-5( 1909). 

Turritelh angulata, an extremely variable species, is one of the 
commonest fossils in the (laj beds of Kachh, Sind and Kathiawar, 
where forms identical with these referred by Noetling to T. simplex 
and T. acuiicarinata occur abundantly and are connected by every 
possible gradation with one another and with the tyjiical form 
first described by Sowerby. Martin (Samml. des Geol. R.-Mus. in 
Leiden, new ser., Vol. I, p. 226) does not agree with Noetling’s 
reference of one of the Burmese forms to T. acuticarinuta which is 
apparently a smaller shell than T. angulata, but accepts the identi¬ 
fication of the form referred to T. simplex. Whether or not 
Noetling’s T. simplex may correspond with the Javanese type of this 
species, it is certainly identical with the Burmese form referred to 

* In Paleontographioa, Vol. XXX, part 3, Oppenheim has represented two specimens, 
PI. zxii, fig. 29, and PI. xxiii, fig. 14, which agree with Mayor-Eymar's diagnosis of 
TurrOeUa cegy^iaca. There appears to have been some confusion as regards the specimen 
represented by fig. 15, pi. xxiii, also referred to the same species, but which is a broadly 
ponioal shell, perhaps a Mwalia, 
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T. acuiicarifuUa with which it is connected by numerous intermediate 
forms, and, as already explained, both the Burmese forms are 
identical with T. angtdata. That the Javanese T. simplex may also 
belong to the same variable species seems plausible, but this 
question has not been fully investigated. It is also doubtful whether 
T. angulata is truly distinct specifically from the living T. duplicata 
Linn., but this is also a question that needs further study. 

As already mentioned (see above, page 292), the lower eocene 
fossil from the Ranikot beds of Sind referred by Cossmann and 
Pissarro to T. angulata is specifically different, and may be distin¬ 
guished as T. Ranikoti, 

Amongst the shells from the Garo hills, many specimens corre¬ 
spond with the typical T. angulata, while others assume the bicarinate 
disposition of the form which Noetling has referred to T. acuiicari- 
ncUa. 

Occurrence, —Bagmara, Dalu. 

In Burma the species occurs throughout the Singu, Kama, and 
Pyalo stages, and also probably at higher horizons. In Western 
India it abounds in the Gaj beds and perhaps occurs in the Mekran. 

Calliostoma promense n. sp. 

PI. VIII, fig. 5. PI. IX, figs. 7, 8. 

Medium size, moderately broad, slightly extraconic. 

The protoconch, broken in all the available specimens, is followed 
by eight spire-whorls, the height of which is equal to one-quarter of 
their width at later stages of growth, and somewhat more in the earlier 
part of the spire in consequence of its extraconic shape. Leaving out 
of consideration the raised spiral ornaments, the conical or some¬ 
times very feebly convex outline of the whorls is practically 
continuous from one whorl to another. The sutures are linear, shallow, 
inconspicuous. The whorls are beautifully decorated with four equi¬ 
distant granulated keels of which the first and last respectively 
correspond with the posterior and anterior margins, so that the 
marginal keels of successive whorls are directly in contact with one 
another, being separated merely by the shallow line of the suture. 
On the four or five earliest whorls following the protoconch, the 
fixat, third and fourth keels, counting from the posterior margin, are 
subequal, while the second one is sBghtly narrower. On the later 
spire-whorb, th^ anterior marginal keel becomes much broader and 
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much more prominent than the three others which are narrower 
than the intervening spaces; there scarcely remains any difference 
in width between the second keel and the first and third. On the 
first five whorls following the protoconch, the spaces between the 
keels carry delicate oblique ribs, posteriorly antecurrent, connecting 
the granules of adjacent keels. On the later spire-whorls, the inter¬ 
vals between the keels are smooth, with extremely fine, crowded, 
strongly oblique, straight lines of growth, antecurrent to the posterior 
suture, retrocurrent to the anterior margin. 

The body-whorl consists of two portions, one of which constitutes 
the continuation of the spire-whorls, and is connected at a sharp angle 
with the nearly flat base, the outline of which remains quite straight 
up to the axis in the majority of specimens, while occasionally the 
surface is slightly hollowed towards the axis, though without the 
formation of an umbilicus, the axis being solid throughout. In 
the majority of specimens, the portion of the body-whorl forming 
the continuation of the spire corresponds exactly in shape and 
ornamentation with the last spire-whorl. In a few of the largest 
specimens, all the granulated keels, on approaching the aperture, 
decrease considerably in width and prominence; at the same time 
the posterior margin becomes relatively slightly contracted, so 
that the suture is no longer in immediate contact with the anterior 
keel of the preceding whorl. As, at the same time, the posterior keel 
of the body-whorl, in consequence of its contraction, leaves a narrow 
space between its posterior edge and the posterior margin, the suture, 
unlike what is observed on the spire, is separated, on both sides, by 
a small space, from the adjacent keels. The atrophy of the keels 
is accompanied by the appearance of some rudimentary, ill-defined 
spiral threads in the two posterior spaces, while the third keel may 
be duplicated by a narrow subsidiary granulated keel immediately 
contiguous to it on its anterior side. 

In some specimens the anterior granulated keel of the body- 
whorl is separated from the base by a deep narrow furrow, followed, 
concentrically towards the axis, at close intervals by three more 
furrows; the marginal furrow and the next one being atrophied in 
some specimens, and sometimes the next furrow also, in which case 
there remains but the last furrow, separated from the circumference 
by a flat space. In every specimen, this is invariably followed, 
towards the axis, by five more furrows at subequal or gradually 
increasing intervals, the last furrow being deeper and broader than 
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the others, sometimes with a small spiral thread along its floor. A 
flat, broad spiral keel separates this last furrow from the axial portion. 
All these concentric furrows are crossed by a second set of radiating 
furrows, disposed at regular intervals, strongly curved, with forward 
facing concavity, with a truly radial direction where they cross the 
innermost keel, becoming more and more oblique towards the 
periphery where they seem almost tangential. As there are no inter¬ 
calations in this radiating set, the spacing becomes very close to¬ 
wards the axis, the innermost keel thereby acquiring a granulated 
appearance. The lines of growth follow the same direction as the 
radiating furrows; across the narrow space between the innermost 
keel and the columella or columellar lip, they become strongly 
oblique and retrocurrent towards the axis. Spiral grooves separate 
the narrow space just mentioned, on one side from the granulated 
keel, on the other side from the axial callosity. 

The very oblique aperture is oval, with the greater diameter 
extending from the axis of the shell to the angulation of the base. 
The flattened columella is separated by a shallow groove from the 
callosity that fills the axis of the shell. Its anterior termination, 
and therefore its junction with the outer lip is missing in all the 
available specimens. The outer lip is mostly straight and strongly 
oblique. The interior walls are not Urate. The inner layer of the 
shell is brilliantly iridescent. 


Dimensions, 


mm. 

Height ..20 

Thiokness.19 

Height of spire.14 

Height of body-whorl.10 


There are also larger specimens, up to 22mm. in diameter. 

Occurrence* —Dalu; also in Lower Burma, at Kyudawon and 
Myauktin. 

Remark .—This easily recognisable species is represented in the 
Garo co^ection by a single fragment, readily identifiable in spite of 
its itltpetfect condition. Its base is decorticated and has conse¬ 
quently lost the shallpyrer grooves, though the innermost granulated 
keel is still recognidiM93% but the characteristic ornamentation of the 
spire is well preserved, the transition from the decoration of the 
earlier, to that of the later whorls being particularly distinct. The 
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fragment is too incomplete for illustration, and the foregoing descrip 
tion has been based principally on the Burmese specimens. 

Comparison with other species, —Amongst quadricarinate species 
of Trochida', the only one that might be related to the remarkably 
beautiful shell above-described, is Trochus fragiim Philippi, of un¬ 
known habitat, if indeed it is a Calliostoma (Pilsbry suggests that it 
may be a ThaJotia). The ornamentation of the spire decidedly 
resembles that above-described, but the ornamentation of the base 
is quite different. Trochus australis Broderip, from Australia, is 
more elongate than the form under consideration, and there appears 
to be a 8j)ace between the posterior keel and the suture, so that the 
marginal keels of adjacent whorls do not come into contact as in the 
shell under consideration. 

In both his monographs concerning the Tertiary fauna of Burma, 
Noetling has described and figured, under the name of Trochus 
Blanfnrdi or Calliostoma Blanfordi, certain fossils which bear some 
relation to the shell under consideration (1895, Mem. Geol. Snrv. Ind.j 
p. 16, pi. iv, figs. 3, 4 ; 1901, Pah Ind., new ser., Vol. I, p. 253, pi. 
xvii, figs. 5-8). The figures rejuesenting these fossils in both mono¬ 
graphs are inaccurate. The description in the first monograph is 
j)recise and accurate, that in the second monograph is inexact. 
The species was established in 1895 u})on certain specimens from 
Minbu and Yenangyat. With these, in the second monograph, 
in 1901, was united a second form, occurring at a somewhat higher 
horizon, at Singu, represented in fig. 5, pi. xvii, {loc. cit.), which is 
])ossibly a mutation of the Minbu and Yenangyat form, but which 
differs so conspicuously that it cannot be conveniently included in 
the same species. It may be distinguished as Calliostoma singuense. 
In order to compare these fossils wdtli the shell under consideration, 
it is necessary to indicate in what characters they differ from one 
anotlier. Although the question has already been dealt with (see 
above, page 2r)6), I here repeat the differential characters so as to 
avoid cross-references. C. singuense attains considerably larger 
dimensions than the genuine C, Blanfordi, The spire-whorls of 
C. Blanfordi are much more concave than those of C. simjuense. 
At early stages of growth, both forms are quadricarinate; only, 
while the posterior marginal keel, in Blanfordi^ as in C. promense^ 
is immediately contiguous to the suture, there intervenes a small 
space in C, singuense. In both species, as in C, promense, the second 
keel is the feeblest, the fourth, the most prominent; not, as stated by 

M 
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NoetUitg, the third, a statement contradicted by his own illustra* 
tions. On the later spire-whorls of C. Blanfordi there invariably 
appears a secondary granulated keel bisecting the posterior interval, 
and almost always a similar secondary keel similarly bisecting the 
next interval; so that the later spire-whorls nearly always exhibit 
as many as six keels, and never less than five. A similar change 
takes place in the later spire-whorls of C. tinguense, but only in the 
posterior interval, so that there are never more than five keels, and 
the subsidiary keel is relatively much less prominent than in C, 
Blanfordi. Moreover, owing to the great difference in size between 
the two species, C. singuense still shows only four keels at a size 
equal to that of the full-grown specimens of G. Blanfordi. Noetling 
never detected the presence of a fifth keel in the 8ingu specimens. 
In 1895, when dealing with the genuine Trochus Blanfordi, from 
Yenangyat and Minbu, Noetling quite correctly stated that, in addi¬ 
tion to the two anterior main keels, “ there are from two to four 
revolving lines of very regular small round tubercules,” {he. dt., 
p. 16), which correctly makes up a total varying according to the 
stage of growth, from four to six. In 1901, Noetling was perplexed 
at observing only four keels on the Singu shells, and amended his 
original description by stating that “ at least a specimen from 
Yenangyat distinctly shows a larger number than four ” {he. cU., 
p. 254). 

The base is totally different in both the species figured by 
Noetling, and, in both of them totally differs from that of the shell 
from Kyudawon and Myauktin. In addition to a thick peripheral 
granulated keel, the base of C. Blanfordi exhibits an extremely 
beautiful ornamentation consisting of thirteen concentric granulated 
keels alternating in two sizes. On the base of C. sinyuenaia, there 
are ten concentric, smooth, flat bands, exhibiting an imbricated or 
stepped disposition, each band being separated from the next outer 
one by a small declivity facing outward. 

It has been necessary to dwell at length upon the characters of 
these shells in order clearly to establish their distinctness from the 
Kyudawon and Myauktin fossil, this being one of the many unfor¬ 
tunate instances in which Noetling has based his conclusions upon 
material in a state of preservation totally unfit for study. 

1 may now olNMnfve that C. Blanfordi is distinguished from 
C. ftomyim by its concave whorls; while, both in C. Blanfordi 
and C. abtguSnae the spire-whorle ere relatively taller, and thexefore 
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fewer than in C. promense. Intercalary granulated keels are never 
developed in ( 7 . promense : the occasional duplication of the third 
keel on the body-whorl being caused, not by intercalation, but by 
the addition of a small contiguous band on the anterior side of the 
keel, therefore in the anterior space, precisely that which never 
carries any subsidiary ornaments, in either of the two other forms, 
not even in C. Blanfordi. The system of intersecting furrows on the 
base of ( 7 . promense differs so completely from the granulated keels 
of ( 7 . Blanfordi and from the imbricated smooth bands of < 7 . sin- 
guense, as to need no further comparison. 


AGE OF THE FAUNA. 

1. Tertiary sequence in Burma. 

In attempting to define the age of the fossils above described, 
it is necessary briefly to summarise what is already known of the 
succession of Tertiary beds in the various provinces of the East- 
Indies. 

The region nearest to the Garo hills in which a definite succession 
has been established is Burma. The succession of the post-eocene 
formations of Burma has already been discussed in the present 
volume (see principally page 243). By combining the sequence of 
post-eocene beds already discussed with the classification of the 
eocene establishe^d by Mr. Cotter (Journ, As, Soc, Bengal, new ser., 
Vol. XIV, p. 415), we obtain the following scheme :— 

12. Irrawadi Series, sand- Akauktaung series, probable marine Pliocene and Pon- 
atones and clays, equivalents ol the Irrawadi Series, tian(? with Vind* 

about 6,000 ft. sandstones and shales, about 4,000 obonian). 

ft. 

11. Pyalo stage, sandstones, pebble-beds, shales, about 1,500 ft. Approximately Bur* 
(perhaps a l^aal member of the Akauktaung series). digalian. 

10. Kama stage, shales and sandstones, about 1,500 to 2,000 ft. Approximately Aqui* 

tanian. 

9. Bingu stage, sandstones and shales, about 1,500 ft. . • Approximately Chat- 

tian. 

8. Sitsayan stage, principally shales, with subordinate sand- Approximately Stam« 
stones, 1,500 to 8,000 ft. plan. 

7f Shwecetaw stage, aioctly sandstone, about 3,000 ft , • Approximately Latt- 

orfian. 

m2 
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6. Yaw stage, largely shales, about 1,600 to 2,000 ft. 

5. Pondaung stage, principally sandstone, 3,000 ft. and more 


• ) 
. ) 


Upper eocene. 


4. Tabyin stage, principally shales, about 6,000 ft. 

3, Ulin stage, principally sandstones, 2.000 to 6,000 ft. 

2. Laungshe stage, principally shales, 9,000 to 12,000 ft. . 

1. Paunggyi or Swelegyin stage, principally pebble*bods, 2,000 
to 4,000 ft. 


As I have already had occasion to notice (see, above, page 259), 
I wish again to draw attention to the disagreement between this 
list and a stratigraphical table which was published in these same 
‘‘ Eecords ” ten years ago, for which I am largely responsible (Vol. 
XLI, p. 253). As already mentioned, the great advance of know¬ 
ledge realised during the intervening years accounts for these dis¬ 
crepancies. In every branch of scientific research, we should always 
bear in mind the dictum so felicitously expressed by Professor Daly 
(Igneous Eocks and their Origin, 1914, page xxii) : “Science is 
built on a long succession of mistakes.” 

2. Tertiary sequence In North-Western India. 

The only other area in the East-Indies where the Tertiary has 
been classified with the same fulness of detail as in Burma, is the 
north-western region of India, including Kachh, Sind and Baluchistan. 
Throughout this region, the classification first established by Blanford 
in 1876 (Rec. Geol. Surv. Ind,, Vol. IX, p. 9) is applicable over a 
vast extent of country. The only amendment to Blanford’s scheme 
that has seemed necessary is the intercalation of the Laki division 
between the Eanikot and Khirthar. 

Owing to the absence of any observed direct stratigraphical 
continuity either with the other members of the marine succession 
or with the fresh-water Manchhar beds, the exact position of the 
Mekran beds remained uncertain in Blanford’s scheme. These beds 
have yielded a rich fauna, the study of which is now far 
enough advanced to supply precise indications of their age. 

The Mekran beds include a total thickness of several thousand 
feet of strata in which fossiliferous layers occur at many horizons. 
The stratigraphical investigations so far carried out are not sufficiently 
detailed to refer these various fossiliferous horizons to their relative 
levels resipectively to one another. The isolated local faunulas 
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are usually not sufficiently abundant to establish a distinct succession 
from fauiiistic considerations. Certain fossiliferous beds constituting 
the Gwadar 2 )eninsula undoubtedly belong to one of the highest 
horizons, while the loAvest fossiliferous horizon so far recognised is 
that exposed at the northern end of the Talar pass, on the road from 
Kej to OwMar, along the northern toot of the Talar mountains, 
some fifty miles north-east of Gwadar. This is, fortunately, the 
richest fauna at present available and is very useful, therefore, in 
affording a lower limit to the age of the Mekran Series. The Talar 
fauna can clearly be shown to coincide with the Odeng fauna of 
Java, not only on account of its containing identical species, one of 
which is the highly characteristic mutational form Melamjena pon- 
derosa Maitin, a valuable zone-fossil, hwi also on account of the 
proportion of living species, which closely corresponds with that 
observed in the Odeng fauna when reckoned for an individual 
zoological groiq) taken by itself. The entire molluscan fauna 
has not yet been critically examined, but, reckoning from what 
is already known of it, the projjortion of living forms is pro¬ 
bably not far from 40 per cent. The Odeng gastropoda examined 
by Martin iij) to the year 1000 gave a proportion of living species 
of 42 per cent. (i^amtuL <Jes (jeoL lieulismus. in Leiden^ ser. 1, 
Vol. Yl, p. I()J). The Odeng beds are ])laced by Martin at the limit 
of miocene and pliocene, therefore at about the level of the Pontian. 
We may take it as sufficiently established that the Talar beds, the 
lowest fossiliferous beds at ])resent known in the Mekran Series, are 
approximately of Pontian age. 

The various local faunulas other than the Talar fauna, are, 
as already mentioned, too scanty to furnish severally useful data for 
reckoning the age of the beds by means of the proportion of living 
forms ; yet, taken together, the fossils from these various localities 
constitute a rich fauna, which, when united with the Talar fauna, 
give an aggregate proportion of living forms of 50 per cent, or more. 
As the Talar fauna considered by itself, docs not contain more 
than 40 per cent, of living forms, it is clear that, in order to make up an 
average of 50 per cent,, some of the later Mekran beds must yield a 
fauna with even more than 50 per cent, of living forms, probably as 
much as 60 per cent. In accordance, therefore, with Blanford’s 
original surmise, the Mekran Series undoubtedly contains pliocene 
beds. Indeed, the newest beds probably reach high into the 
pliocene. 
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Although, with the etTatigraphicai data at present availahle, 
I cannot draw exact lines of demarcation between the various 
Kones of the Mekran Series, yet, for general purposes, I may 
conveniently distinguish two stages: a lower Talar stage, 
approximately coinciding with the Pontian, and an upper Gwidar 
stage generally representing the pliocene. 

The Mekran Series consists almost entirely of alternations of 
shales and sa^stones, with some pebble-beds at the upper horizons. 
This is also generally the constitution of the fresh-water Manchhar 
beds of Sind. The Upper Nari consists largely of sandstones. 
The lowest division of the eocene of Sind, the Lower Ranikot, ^so 
consists of shales and sandstones. All the other divisions, throughout 
a vast belt of territory extending through a portion of Baluchistan 
and Sind, known as the calcareous zone, consist chiefly of limestones 
and calcareous shales (Rec, Geol. Surv, Ind., Vol. XXXVIII, p. 190). 
As in some parts of southern Java, we are evidently here 
in the presence of a region which, during a vast succession of ages, 
scarcely received any detrital sediments, and in which the sediment¬ 
ary formations are almost entirely of organic origin (cf. Martin, 
SammL des geol. Reichsmus. in Leiden, ser. 1, Vol. IX, p. 143). 
In other parts of Baluchistan, throughout the region in which the 
rocks assume the “ flysch ” character, sandstones become abundant 
at the various horizons represented chiefly by limestones in the 
calcareous zone. Owing to these lateral changes of facies, the 
lithological constitution of the various divisions has not been entered 
in the following list of formations, from which the thicknesses have 
also been omitted owing to their great range of variation :— 


Tertiary sequence in North-Western India. 


Marine. 

Fresh-water. 

Approximate age. 

7. Mbkbah 
SXBIXI f 

r GwiKiar stage with 
abundant PecUn 

Vaaedi, 

Talar stage with 
gtna ponderoaa, 

Oatrea ^giUUo, 0. 

^ Virkti. 

Upper Manchhar coinciding 
with the Upper Siwalik. 

Middle Manchhar generally 
coinciding with the Middle 
Siwalik. 

Pliocene. 

Pontian. 


(Rmasentatives not 
obsenred). 

Lower Manchhar eoinoiding 
generally with the Nahan. 

Vindoboniam 
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Maiiiie. 


Fresh-water. 


Approximate age. 


6 (6). Upper Gaj with Ostrea IcUi- 
marginata. 


Bugti beds, ooriesponding to Burdigaliam 
part of the Muriees. i 


I 


Chiefly moHne. 

6(a). Lower Gaj with Lepidocydtna 
marginaJta. 

6(6). Upper Nari with Leptdocyclina 
dilatata. 

6(a). Lower Nari with Lepidocyclina 
dilatata and Nummulitea 
intermedins, 

4. Poorly fossiliferous massive 
limestones of the Mula pass; 
elsewhere a stratigraphioal gap. 

3. Khirthar with large nummulites 
and large assilines. 

2. Laki with Nummulites atacious 
and Assihna tattcensis. 


Aquitanian. 

Chattian. 

Stampian. 


Lower oligocene 
and upper 
eooene. 

Lutetian. 


Lybiam 


1(6). Upper 
Banxkot. 


Zone 4, with Num- 
multtes j^HtUatus 
Zone 3, with small 
nummulites and 
small assilines. 
Zone 2, with oper- 
oulines. 


I Zone 1, with CcUy- ' > 
f ptrophoms indi^ I 
L cus, I 


1(a). Lower Banikot (freah-wator 
ezoept at base). 


I 


I Upper Cuisian. 
I Lower Cuisiam 


London Clay. 




Woolwich and 
Reading beda 


Thanet sanda 


I wish once more to draw attention to the conclusion, already 
expressed on previous occasions (Sec. Oeol. Surv. Ind., Vol. XXXIV, 
pp. 86, 177) that a study of Indian Tertiary geology undoubtedly 
reveals the presence of a vastly developed intercalary stage, the 
Laki, intervening between the equivalents of the Cuisian and Lute¬ 
tian, and corresponding with neither. It is equivalent to the 
Lybian stage of Egypt. In the Paris basin it corresponds to a 
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Btratigraphical gap between the Cuisian and Lutetian, first recognised 
by Lemoine, who has given the name of “ Laonnian ” to the scanty 
fresh-water or brackish representative of the missing zone, occasion¬ 
ally occurring as discontinuous patches (1911, Geologic du Bassin de 
Paris, p. 220). 

In Burma, the eocene divisions below the Pondaung stage 
have, as yet, yielded very few characteristic fossils, and their exact 
age is still uncertain. The equivalence of the post-eocene in Burma 
and in north-western India, in its main lines at least, is now 
established beyond any possible further doubt, and may be tabulated 
as follows :— 


North-Westben India. 


Burma. 


Upper Manchhar^ 


! Mekran 
fSoriea. 


rOwddar stage. 


Irrawadi Series, 
upper part. 


upper 
pall uf Akauk- 
taung Series. 


Middle Man- J 

CHHAE. 


Talar stage 


Irrawadi Series, 
lower part. 


Probably lower 
part of Akauk- 
taung Series. 


Lower Manchhar 


Not observed 


Part of Akauk- 
taung Series. 


Upper Gi j 
Lower G£j 
Upper Nari 


Pyalo stage 
Kama stage 
Singu stage. 


Lower Nari 


Sitsayan stage 


Massive limestones of MulaJ 
pass. I 


Shwozetaw stage. 
Yaw stage. 
Pondaung stage. 


3. Tertiary sequence in Java. 

Omittiag the rather vaguely demarcated “ Fossil-wood group ” 
and the Buhsaquently defined Irrawadi Series, Theobald’s “ Pegu 
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Group ” essentially coincides with the post-eocene portion of the 
Tertiary of Burma. The corresponding heels in Java constitute 
Martin’s “ Java group ” (Samml. d. f/. K.-M. in Leiden, ser. 

1, Vol. VI, j). 210). In the Java group, the '' lower iniocene,” 
including the Rernbang Series (1012, SamnU. des (jcol. Reichmus, 
in Leiden, ser. 1, Vol. 8, p. 153) and Njaliiigdun series (1011, he. 
cit., pp. 18, 22), corrcs 2 )oiids with the Kama and Pyalo stages with 
both of which it has many species in common. The “ upper 
miocene ” includes the Tji Lanang series (1011, loc. cit., pp. 44, 48) 
with the extraordinarily rich fauna collected by Junghuhn, which 
has become classical from Martin’s first great monograph, *Die 
Tcrtiarschichten auf Java,” in which a \ery large projmrtion of the 
deicribed species belong to this stage. 

The typical pliocene of Java is the Sonde series (loc. at., p. 104) 
which very closely corresponds, faunistically, with the Mekran beds 
of north-western India and with the rich fauna of Karikal so admir¬ 
ably described by (V)ssmann. The fauna of Odeng seems to re¬ 
present a passage zone between the upi)er miocene ” and pliocene ” 
(Samml. d. (jcol. Reiehmus. in Lctden, ser. 1, Vol. VI, pp. 178, 
100), corrcs])onding approximatelv in age with the Pontian. As 
already remarked, the Odeng fauna closely corresponds with the 
Talar fauna of the Mekran. 

Regarding the Kemleng beds which overlie the Sonde Series, 
and which have yielded remains of Sfeijodon, Elephas, and of the 
far-famed Pithecanthropus, there may be perhaps some slight uncer¬ 
tainty as to whether they might correspond with the uppermost 
zone of the Siwalik. The general consensus of opinion seems to 
be in favour of a true pleistocene age, and there is good reason for 
concluding that the Kendeng beds are approximately equivalent to 
the Narbada stage of India, 

Fossiliferous equivalents of the oligoceiic have not been met with 
in Java. The “ Java-Group ” is underlaid by the Nanggulan Series 
of upper eocene age corresponding witli the Yaw stage of Burma. 

The following table indicates the approximate parallelism of 
the three most completely defined schemes of the later tertiary 
succession of the East-Indies, respectively in Burma, in Java, and 
in North-Western India. 
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4. Equivalence of the Oaro Tertiary. 

Amongst the specifically recognisable fossils of the Garo hills, 
the following are known to occur also in other parts of the East- 
Indies :— 

Terebra 'protomyuros^ 

Surcula promensis, 

Drillia protodncta, 

,, tjemoroensis var., 

Mitra chinensis var. subscrobiculata, 

Turritella Pinfoldi, 

„ angulata, 

Calliostoma promense. 

Amongst these eight species, Terebra protomyuros, Surctda pro- 
nmnsis^ and Calliostoma promense have hitherto been met with 
only in the Kama beds of Burma. Surcula pro^nensis is represented, 
in the Garo hills, by the variety silistrensis, but, as already explained, 
this appears to be a collateral variety, not a mutation. Drillia 
proiocincta occurs in the Kama beds of Burma and in the pliocene 
Sonde series of Java. Drillia tjemoroensis var. characterises the 

Kama stage of Burma. The type is found in Java at Sangiran 

(Kali Tjemoro), in beds the exact horizon of which has not been 
recorded, but which may be pliocene ; the Garo and Burma form 
representing, however, a separate variety. Mitra chir^ensis is the 

only undoubted living species recognised in the fauna of the Garo 
hills, where it is represented by the variety subscrobiculata charac¬ 
teristic of the G4j of Kachh. Turritella Pinjoldi, at Myaungu 
(20° 31', 94° 21'), in the Minbu district of Burma, occurs in beds 
which contain Ostrea latimarginata and which, therefore, must be 
referable to the Pyalo stage, Turritella angulata occurs in the 

Singu, Kama, and Pyalo beds of Burma, perhaps also at higher 
horizons. In western India, it is found in the 64j and perhaps in 
the Mekran series. As already mentioned,, its specific distinctness 
from the living Turritella duplicata is not quite certain. 

If we now analyse the evidence afforded by these fossils, Turri¬ 
tella angulata only indicates that the Garo fauna is newer tertiary. 
All the other species point to the Kama-Pyalo or G&j as the age of the 
Garo fossils. One form, Turritella Pinfoldi, has, hitherto, been met 
with only jin the Pyalo stage coinciding with the upper QAj. 
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absence of any undoubted oligocene forms, and the presence of Drillia 
protocincfa which is known to extend into the pliocene, further 
suggest more particularly the Pyalo stage or the upper limit of the 
Gdj as the most probable horizon, which would be in keeping with 
the very likely supposition that the Karaibari exposure, described 
in 1821 by Scott and Colebrooke, is the western extension of the 
Sumeswari beds. One of the Karaibari mammalia, Anfhracotherium 
silistrense, probably occurs in the Lower Manchhar of Sind. The 
Kamlial horizon, at the base of the Manchhar, immediately resting 
on the G&j, is regarded by Pilgrim as possibly syiiclironous with 
the Sansan fauna which de Lapparent places astride of the limit 
between Lower Miocene and Vindobonian, therefore just about the 
upper limit of the Gaj. We may therefore conclude that the age 
of the Sumeswari fauna is probably the same as that of the Pyalo 
beds, at the upper limit of the Gaj, at the upper limit therefore of 
the Lower Miocene. 

Out of a total of nine recognisable species in the Garo fauna, one 
only, Mitra chinensis var. subscrobiculata, is considered certainly 
to be specifically identical with a living shell. This would give 
eleven per cent, ‘as the proportion of living forms. On the supposition 
that Turritella angulata is identical with 2\ duplicafa, the jiroportion 
would become twenty-two per cent. No precise signification can 
be attributed to figures derived from so small a total, though they 
are within the limits of the ])roportions observed for the lower 
miocene molluscan faunas of Burma, Java, and Western India, which, 
according to the horizon, facies, and generic constitution, vary from 
about 7 per cent, to about 25 per cent. 


other occurrences of Tertiary Fossils in North-Eastern India. 

The interesting collections obtained by Mr. Pinfold in the Garo 
fiilln constitute the first and only instance in which precise data 
have become available regarding the age of any of the later tertiary 
formations in the districts to the North of Burma, including Assam, 
the Sylhet region and the neighbouring countries. Indeed, with 
the exception of the neighbourhood of Cherra-Poonjee and Shillong, 
there is practically no spot where any of the rocks can be accurately 
dated. Fossils have been recorded only from a small number of 
localities, and have not been fully studied. 
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The nearest spot to the localities examined by Mr. Pinfold, from 
which newer tertiary fossils have been obtained, is along the Karai- 
bari hills, between the western extremity of the Garo hills and the 
llrahmaputra. 

A small thickness of horizontal or slightly undulating sandstones 
and clays which were exposed at low water along the banks of the 
Brahmaputra about a hundred years ago, but have not been observed 
since, yielded some littoral marine fossils together with mammalian 
remains (Colebrooke and Scott, Trans. Geoh Soc, London, 2nd ser., 
VoL I, p. 132). 

The mammalian remains have been studied by Pentland, Falconer 
and Cautley, Pomel, and Lydekker, and have been referred to two 
species which have been named Anfhra^ofhenvm silisfnmse Pentland 
and Cheromeryx sihstrcnsis [Pentland|. Remains specifically iden¬ 
tical with Anf hr a cot her {urn sdisfrense, or at least very closely related, 
have been recorded from the Lower Manchhar of Sind, at a horizon 
therefore not very different from that of the Gaj beds. The species 
has an extensive vertical range, and, of itself, would not suffice to 
fix the date of the bed otherwise than as miocene. Nevertheless, 
the fact that the only other mammalian species recorded from the 
same bed is also an anthracotheroid, communicates a relatively 
ancient appearance to the fauna. The most conspicuous amongst 
the mollusca from Karaibari are large oyster-shells, now preserved 
at the British Museum, which, on a cavsual iiLspection, appeared 
to me to coincide with (iaj forms, rnfortunately, I did not take 
note of their characters. The small thickness of sandstone overlying 
the bed with littoral and mammalian remains is recorded to have 
yielded fossil wood. 

There is reason to think that the Karaibari exposure, which is 
in the direct continuation of a line passing through the Bagmara 
and Dalu exj)osures, may be a western continuation of the strata 
studied by Mr. Pinfold, and, like them, may corresj)ond with the 
Pyalo beds of Burma and the Upper G^j beds of Sind, but the 
question needs further investigation. 

In the Khasia hills, east of the region examined by Mr. Pinfold, 
the undulating stratification of the Garo hills gives place to a sharp 
flexure, north of which the strata are practically horizontal, while, 
south of the bend, they dip south at high angles. Identical horizons, 
when recognisable on both sides of the bend, are represented by a 
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much greater tliiokness of strata on the southern than on the northern 
side, indicating a rapid deepening of the basin of deposition in a 
southern direction. Amongst the horizontally stratified deposits of 
the plateau, on the northern side of the flexure, the undoubtedly 
eocene beds include two subdivisions, recognisable from their num- 
mulites, and corresponding respectively with the Laki of Lybian age, 
and the Khirthar of Lutetian age, as developed in north-western 
India. The Sylhet limestone, on the southern side of the flexure, 
is a rock containing abundant large nummulites of Khirthar 
age. 

Overlying the undoubted eocene of the plateau, is the Nongku- 
lang Hill Series (Godwin-Austen, 1869, Journ. As. Soc.. Bengal, 
Vol. XXXVIII, (2), p. 23) which must not be confounded with the 
Nanggulan Series of Java (see Martin, 1912, Samml. des geol. 
Reieh-Mus. in Leiden, ser., 1, Vol. IX, p. Ill, with complete biblio¬ 
graphy ; also, 1914, neue Folge, Vol. II, part 4) though it is by no 
means impossible that both series may be contemporaneous. 

The Nongkulang Hill Series of the Khasia hills is described by 
Godwin-Austen as consisting of marine strata unconformably over- 
lying the eocene. The Nongkulang fossils were first examined by 
Stoliczka, who stated that “ none of the species, so far as recognis¬ 
able, appear to be identical with those known from the nummulitic 
beds of the same district ” (Bee. Geol. Surv. Ind., Vol. II, p. 10). 
The Nongkulang Hill Series, in the West Khasia hills, is overlaid 
by a considerable thickness of beds which Godwin-Austen attributes 
entirely to the Nahan; this same assimilation being extended to the 
entire succession of later Tertiary beds in the Garo hills, including 
even their uppermost strata ; and also to the greater portion of the 
vast thickness of later Tertiary beds along the southern border of 
the Jaintia hills, with the exception of some uppermost irregularly 
bedded clays and conglomerates regarded by Godwin-Austen as 
perhaps the equivalents of the Biwalik proper (he. cit., p. 153). 
The fossils collected by Hr. Pinfold occur in the uppermost zones of 
the Tertiary beds in the Garo hills, and, since their palteontological 
characters indicate the age of the Upper G&j or Pyalo beds, it follows 
that the entire succession of Upper Tertiary beds in the Garo hills 
most be, even at its upper limit, somewhat older than the Nahan; 
while as the horizon of the Nongkulang Hill fauna is separated 
from that of th^ Smneswan fauna b^ a oonsiderable thitdrness of 
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strata, we must aleo conclude that the Nongkulang Hill fauna cannot 
correspond with that discovered by Mr. Pinfold, and is probably older 
than the G4j. The small collection of fossils obtained by Godwin- 
Austen from the Nongkulang Hill Series has lately been studied by 
Dr. E. Spengler. The full description has not yet been published, 
but, in a short preliminary note (Centralblatt /. j/., (?., u. P., 1915, 
p. 623), Dr. Spengler mentions the occurrence of a new species of 
Clypeaster and of a Euspatangus related to Euspatangus rostratus 
d’Arch. The latter is a characteristic zone-fossil of the Nari of 
western India, and the comparison made by Dr. Spengler leads us 
therefore to believe that the Nongkulang Hill Series may be related 
to the Nari of western India, and that its age, therefore, may be 
oligocene. Still, the possibility is not yet excluded that it may 
be, after all, of upper eocene age, and, by a curious coincidence of 
terms, contemporaneous with the Nanggulan Series of Java. 

Fossil palm-wood and dicotyledonous leaves are the only distinct 
organic remains so far recorded from the “ teelah ” ridges about 
Cachar. Between Cachar and the Bay of Bengal, the ranges in 
Hill-Tipperah and Chittagong include considerable thicknesses of 
strata regarded as upper tertiary in age. Fragmentary marine 
fossils have been obtained by Mr. P. N. Bose and other explorers. 
They are not specifically determinable, but include small clathrate 
valves of Venus, analogous to F. bataviana Martin, such as occur 
abundantly in the upper Tertiary of Java and in the Kama beds 
of Burma. The existence, in Hill-Tipperah and Chittagong, of 
equivalents of the Kama and Pyalo stages is probable. 

In the North Cachar Hills, the strata, considerably disturbed, 
which apparently form the continuation of the Newer Tertiaries 
of the Jaintia hills, include two subdivisions, of which the lower one, 
with a maximum exposed thickness of 2,000 feet, is mainly shaly, 
while the upper one, with a maximum thickness of 3,000 feet, consists 
principally of sandstones. 

The north-eastern extension of the Newer Tertiaries of Hill- 
Tipperah, of Cachar, and of the Jaintia hills, is to be sought in the 
Mikir hills, where the Mikir Shale Scries (F. H. Smith, Mem. Oeol. 
Surv. Ind., Voh XXVII, p. 84), estimated at 800 feet in thickness, 
appears to be undoubtedly the continuation of the lower dialy beds 
of the North Cachar Hills. They contain oysters and other marine 
shells (Smith, he. cii., pp. 86, 87) which have not been identified* 
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They rest on eocene beds, and are overlaid by sandstones, apparently 
continuous with the upper arenaceous division of the North Cachar 
hills and containing fossil-wood. 

The north-eastern continuation of the Tertiary zone of the Mikir 
Hills is in the Naga Hills, where Mallet recognised four principal 
stratigraphical divisions : the Disang series, mostly shaly, with an 
uppermost arenaceous subdivision, the Naogaon sandstone; over¬ 
laid by the coal-measures, principally shaly : the Tip&m sandstones 
with fossil wood ; and the locally develoj)ed Dihing conglomerates 
overlying the Tipfim beds. 

The structure, in the Naga hills, is complicated by faulting and 
overfolding, which increases the difficulties of classification. The 
Disang series appears to be partly cretaceous and may be hetero¬ 
geneous. There is reason to believe that the coal-measures corres¬ 
pond, partly at least, with the coal-bearing Shw^ezetaw stage of Burma 
of lower oligocene age. They have not yielded any distinct fossils. 
The Mikir Shale Series was regarded by Smith as approximately 
equivalent to the coal-measures. Fossil shells have been observed 
in the Tip&m beds along the high road in the Diphupani gorge near 
Samaguting by R. D. Oldham who exjwssly states their identity 
with some of the Venerida? from the strata near Prome (Mem. Geol. 
Surv. Ind., Vol. XIX, p. 228), and, in the valley of the Dayang 
river, by Hayden (Rec. Geol. Surv. Ind., Vol. XL, p. 2t)l). 

The evidence above reviewed reduces itself to this : fossils of 
the age of the Upper Gaj or Pyalo beds occur at the u])per limit 
of the newer tertiary beds in the Garo hills ; while the lower limit 
of these beds may safely be interpreted as post-eocene, since the 
Nongkulang Hill Series, whatever its exact age may be, intervenes 
between these Newer Tertiaries and the middle eocene. The Tip&m 
sandstone is partly equivalent to the Pyalo stage, but w^e cannot 
state an}d}hmg definite regarding its inferior limit. The next older 
rocks, the coal-measures, are probably, in part at least, of lower 
oligocene age, while the Sitsayan, Singu, or even Kama horizons, 
may be represented either by the lower portion of the Tip4m beds, 
or, more probably perhaps, by the upper portion of the coal-measures. 
The upper limit of the Tipfim beds is also indefinite. 

With these important, but, at the same time, meagre data, the 
equivalence of the upper Tertiary beds throughout the vast terri¬ 
tories of north-eastern India remains almost entirely conjectural 
a$’WiU be seen from the foUowiflg tabular statement:— 



’ Nobth Oaoeab, Mncm. 
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From the table it may be noticed that, even by partly referrinj 
the coal measures of Assam to as late an age as the oligooene, and 
^ven if we bring down the uppermost Jaintia conglomerates to an 
age as old as that of the Nahan, thereby compressing the sequence 
within the smallest probable range, yet the number of subdivisions 
established in Assam or in the neighbouring regions remains much 
smaller than those already defined, within the same range of time, 
in Burma, or in north-western India, or in Java; and, consequently, 
great difficulty is experienced in attempting to apportion the Assam 
strata to their respective equivalents in other regions. In conse¬ 
quence of Ihe inaccessibility and unhealthiness of the north-eastern 
districts of India and also the scarcity of rock exposures in a forest- 
olad country, geological information regarding those regions is in a 
backward condition, and, until Mr. Pinfold’s discovery, not a single 
horizon had been accurately fixed above the middle eocene. We 
must congratulate Mr. Pinfold on having for the first time established 
a definite stratigraphical zone, which will afford a most valuable 
fixed horizon in further unravelling the geology of this difficult 
jegion. 


LIST OF ILLUSTRATIONS. 

PLATE VIIL 

PiQ. 1.—Surcula Promensis. Myaukmigon, Burma; a, h, ventral aspect, natural 
size and enlarged 2/1; c, d, dorsal aspect, natural size and enlarged 
2/1. 

Figs. 2, 3. —Surcula Promensis. Kyaungoa, Burma; a, b, dorsal aspect, natural 
size and enlarged 2/1. 

4,—Surcula Promensis var. Silistrensis. Bagmara, Garo Hills; presented 
by the British Burma Petroleum Company; a, b, ventral aspect, natural 
size and enlarged 2/1. 

PiQ, 5,—Calliostoma Promense, Kyudawon, Burma; presented by the Burma 
Oil Company; a, lateral view, natural size; b, c, base, natural size and 
enlarged 2/1. 

PLATE IX. 

Fig. 6.—Siphonalia subspadicea. Dalu, Garo Hills; presented by the British 
Burma Petroleum Company; a, b, ventral view, natural size and 
enlarged 2/1 ; e, d, dorsal view, natural size and enlarged 2/1 ; e, /, 
side view, natural size and enlarged 2/1. 

Fig. 7.—Calliostoma Promense. Myauktin, Burma; a, ventral aspect, natural 
size; b, c, dorsal aspect, natural size and enlarged 2/1; d, e, base, 
natural size and enlarged 2/1. 
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Fig. 8.—CallioBtoma Ptomense. Myauktin^ Burma; a, h, ventral aspeot, natural 
size and enlarged 3/1. 

Fig. 9.—Turritella Pinfoldi. Bagmara, Garo Hills; presented by the British 
Burma Petroleum Company; natural size. 

Pigs. 10,11.—Turritella Pinfoldi Myaungu, Burma; presented by the Burma 
Oil Company ; 10, llh, natural size; 11a, enlarged 21. 
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Illustrated Comparative Diagnoses of Fossil 
Terebrid^ from Burma. By E. Vredenburg, 
Superintendent, Geologml Survey of India. (With 
Plate lo.) 

rpHE progress of geological research in Burma has revealed the 
existence of a Tertiary molluscan fauna of a variety and richness 
that could not have been anticipated from the somewhat meagre 
collections hitherto described in Noetling’s mdnographs (1896, Mem, 
Geol, Surv. Ind,, Vol. XXVII, part 1; 1901, Pal. Ind., new ser., 
Vol. I, part 3). 

The study of thivS rich material is already far advanced and has 
an important bearing on the interpretation of the contempora¬ 
neous tertiary faunas of other parts of the East-Indies, principally 
those from North-Western India. 

It is my intention to publish a systematic work on the whole 
of the Tertiary molluscan fauna of India, so far as its study has 
been as yet completed. I have written full descriptions of most of 
the Siphonostomata, amounting to several hundred species, of which 
a considerable proportion consists of forms hitherto unknown. 
The preparation of the complete illustrations for so extensive a 
work will need several years, and I have thought that a useful 
purpose may be fulfilled, in anticipation of this publication, by 
issuing preliminary illustrations exclusively representing those 
forms regarded as ^previously undescribed, together with short 
comparative diagnoses. The complete descriptions, all of which 
already exist in manuscript, will eventually be published in the 
fully illustrated monographs. 
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The following pages contain preliminary comparative dugnosee 
of a nnmbor of Terebridss from Burma, regard^ as representing 
hitherto unknown species or varieties. Two species, designated 
hereafter as Terebra Mayoi and T. iravadica, cannot be treated in 
this brief manner, as they eure not sufficiently clos^y related to any 
forms previously described to enable us to frame useful comparative 
diagnoses. In both instances, therefore, the full descriptions have 
necessarily been published. , 

In addition to some specimens goaerously presented by the 
Burmidi Oil Company and British Burma Petroleum Company, most 
of the fossil shells dealt with in the present notice were obtained by 
Mr. Sethu Rama Bau. They are from the following localitieti: 



1. DaJabe. 

2. Kanu. 

3. Kyaongon. 

4. Kyodawon (a hamlet near Tittabwe) 

6. Leptanceifc. 

6. Minbu (“ cone of CaneeUaria Marlituana ”) 

7. Mlndegyi. 

8. Hyankmigon. 

9. Myanktin.■ . 

10. Myanngu (ftom two widely difierent hoticons) 

11. Ifyangabaing. 

12. Singn. 

18. Thanga. 

14. nttabwe. .. 

16. Yanaagyat ('* aone of Paiweyattw e a i mUu * *’). . 
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0 
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To these may be added the Itdlowiag ooonteooe from the Gktro hills :• 
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All the fossil Terebridss so far met with in Burma are post- 
eocene. Amongst the localities enumerated above, the following 
may be referred to the horizon of the Sitsayan Stage, approximately 
Stampian: ' 

6 Minbu: 7 Mindegyi; 10 Myaungu (lower horizon); 15 Yenan- 
gyat. 

The fossils from Singu and Leptanzeik, and perhaps some of those 
from the higher horizons of No. 7, Mindegyi, belong to the Singu 
Sti^, approximately Chattian. 

The Kama Stage, approximately Aquitanian, is represented by 
the following localities; 

1 Dalabe ; 2 Kama ; 3 Kyaungon; 4 Kyudawon ; 8 Myaukmigon; 
9 Myauktin; 11 Myingabaing; 13 Thanga ; 14 Tittabwe; 

To the Pyalo Stage, approximately Burdigalian, belong the fol¬ 
lowing occurrences; 

10 Myaungu, upper horizon; 16 Bagm^ra. 

All the fossil Terebridss so far known in India belong to the 
genus Terehra. 

Genus Tbbbbba Adanson 1757. 

The separate grouping of the species of Terebra presents great 
difficulties on SMScount of the homogeneity of the genus. In 
addition to the sections Myurella and Nodiierd>ra, Cossmann, in 
1896, (Essais de Pal6oconchologie compar6e, Fasc. II, p. 47) accepted, 
as subgenera, Subula and Hastula, the transition of which to other 
forms of Terthra is so gradual that they scarcely rank, perhaps, above 
the value of sections, though they constitute very useful subdivisions 
for the grouping of species, To the divisions admitted by Cossmann, 
I have ventured to add Duplioaria Dali, as a section. In 1908, 
Dali published in the “ Nautilus ” (Vol. XXI, p. 124), a short 
note entitled “ Subdivisions of the Terebridie,** in which most of 
the groups coincide with tiiose of Cossmann’s classification of 
1896, of the existence of which the author was unaware, since some 
of l^e designations used by Cossmann are ignored, and other desig¬ 
nations are proposed for the same types. Dali’s note only containB 
an enumeration of the proposed subdivisions, the diagnoses of which 
were to have appeared in another communication, the publication 
of which 1 have been unable to trace. Under the drcumstanoes, 
we cannot ascertain on what grounds is founded the genus Dttp- 
Ucaria, with Ter^ra duplioeUa as type, with no other dia gnnwff 
hgt t1i9 blief rcmaric •‘'sculpture persistent, suture ohanndled. 
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shell axially ribbed, suloate.” These minor details of ornament¬ 
ation do not constitute characters of generic importance. Never¬ 
theless, Ter^bra dupUcata and the rriated species, which are parti¬ 
cularly wdl represented amongst the Tertiary fossils of India, may 
be provisionally classified under the name Duplicaria, as a section 
including such forms as differ from Ter^a s. str. by the persistence, 
at all stages of growth, of their ribbed ornamentation and posterior 
furrow, from Myureila by the absence of spiral threads, from Hastula 
by their relatively short base. 

The fossil forms so far examined in India may be provisionally 
grouped in the following sections:— 

(a) Terdtra s. str., large, with fairly short base, ornamentation 
becoming indistinct on the later spire-whorls and body- 
whorl. 

{b) Duplicaria, size variable, axial ornamentation consisting of 
ribs, spiral ornamentation consisting of wide-spaced fur¬ 
rows, one or two in number, base moderately elongate. 

(c) Subula, large or medium, ornamentation usually dwindling 

at later stages of growth, whorls strongly overlapping, 
base moderately elongate. 

(d) Myurtdla, size variable, spiral ornaments always present, 

axial ornaments interrupted by some at least of the 
spiral ornaments, base moderately elongate to very short. 

(e) Nodiierebra, small, ornamentation nodular, base moderate 

to very short. 

(/) Hastula, small or medium, spiral ornaments, when present, 
interrupted by the axial ornaments, base elongate. 

It is necessary to say a word concerning the internal plications 
of the columella generally observed in Terebra. In many species 
of Terebra, the twisted zone constituted by the accretions to the 
terminal notch forms a more or less bulging main band bordered 
by two rims which are frequently rather prominent, one on the 
posterior margin, separating the main zone from the adjacent 
anterior concavity of the base, one along the anterior margin coin¬ 
ciding with the terminal twisted edge of the columella. In certain 
species, the columellsr lip may spread over these two bounding 
ridges without obliterating them, and it seems as though the two 
spiral folds frequently observed along the inward extension of the 
(^uiQeila are nothing dse but tj^ese tstemad features, coated b^ 
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the glazed substance of the internal shell-wall concurrently with 
the growth of the shell. From a perusal of works dealing with the 
shdls of this family, it appears that this is the generally accepted 
explanation of the presence of spiral folds upon the columella of 
rereftra. Yet, in a great many instances, these folds are not visible 
along the columella in the apertural part of the shell, the corres¬ 
ponding external ornaments having been entirely reabsorbed along 
the edge of the aperture during the formation of the columellar lip. 
In such cases, the frequently well developed internal folds cannot 
possibly represent the same structures as those accompanying the 
external zone of accretions, and must be regarded as true columellar 
structures developed from the interior of the shell •pari passu with 
the reabsorption of the external ridges. Moreover, a careful exami¬ 
nation of many shells reveals the fact that, very frequently, their 
position corresponds, only approximately with that of the external 
ledges and that they are not at all proportionate to their relative 
degree of prominence : for instance, a shell with a very feeble pos¬ 
terior boundary ledge may internally exhibit a very prominent 
posterior columellar fold, or else a very prominent anterior columellar 
fold may be observed in a shell in which the external anterior twisted 
edge of the columella is perfectly even and the terminal zone of 
accretions totally devoid of any anterior rim. It seems evident, 
therefore, that the columella of Terebra, whenever it bears spiral 
folds, must be regarded as truly plicate and that the observed 
structure is not a mere illusory appearance. 

The genus Terebra is abundantly represented in the Tertiary 
formations of India. The forms at present known are the follow¬ 
ing :— 


Group of Terebra cremdata [Linn.] 

1. Terehra narica Vred. Nari of Baluchistan. 

2. Terebra dalabeensis n. sp. 

Group of Terebra duplicata [Linn.] 

3. T. {Duplicaria) sublesseUata d’Orbigny,var. oUgocenicaYiei. Naii 
of Sind. 

4. T. (DupUcaria) mekramoa Vred. Mekran beds. 

6. T, {DupUcaria) gedrosiana Vred, Mekran beds. 

6. T. {DupUcaria) Theobaldi n. sp. 
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7. T. (DupUcaria) proiodwpUoata NoetUog. Kama, Eyaungon, 
Myaokmigon, Tittabwe. 

8. T. {Dupiicaria) Smithi Martin. Myaukmigon. 

9. T. {DujAioaria) CoUeri n. sp. 

Group of Terebra longitaUa Deah. 

10. T. (Duplicaria) Woodtoardiana Martin, var. mindegyienais. 

11. r. (Duplicaria) myatmguinsis n. ap. 

Group of Terebra anomala Gray. 

12. T. (Duplicaria) cf. anomala Gray (Coaanoann. Joum. Conch, 
1900, VoL XLVIII, p. 23, PL II, figa. 15, 17). Upper Tertiary of 
Earikal. 

Group of Terebra maculata [Linn.] 

13. T. (Subula) NoetUngi (T. Smithi Mart. sec. Noetling, Pal. 
Ind., new aer., VoL 1, part 3, p. 339, PL XXII, fig. 18; Subula ap., 
loc., eU., p. 341, PL XXII, fig. 20). Minbu. 

14. T. (Subula) fuscata [Brocchi]. Myaukmigon, Tittabwe; alao 
in the miocene and pliocene of Europe. 

15. T. (Subula) Cossmanni n. ap. 

* % 

Group of Terdtra tessdlata Gray. 

16. T. (Noditertbra) sgmarangana Martin. Dalabe, Kama, Kya* 
ungon, Myaukmigon, Thanga, Tittabwe. 

Group of Terebra dislocata Say. 

17. T. (MyureUa) Mariesi Smith (Coaamann, Joum. Conch., 1900, 
VoL XLVIII, p. 22, PL II, fig. 5). Upper Tertiary of KarikaL 

Group of Terebra variegata Gray. 

18. T. (MyureUa) aspera Hinda. Mdoran beda. 

Group of Terebra pretiosa Beeve. 

19. T. (MyureUa) prometuis n. ap. 

Group of Terebra Oummgi Deshayea. 

20. T. (Myundla) birmaniea a. ap. 
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Group of Terd>ra triseruUa Gray. 

21. T. {Myurella) kyudawonensis n. sp. 

Group of Terebra reticulata Sowerby. 

22. T. (Myurella) reticulata J. de C. Sowerby. G&j of Eachb. 

23. T. (Myurella) kachhensis Vred. (Hj of Eachb. 

24. T. (Myurella) Martini n. sp. 

25. T. (Myurella) karikalensis nom. nov. (Cossmann, Joum. 
Conch., 1900, VoL XLVIII, PL II, fig. 14). Upper Tertiary of 
Earikal. 

26. T. (Myurella) HomelU n. sp. 

27. T. (Myurella) euglyptica n. sp. 

28. T. (Myurella) protomyuros Noetling. Bagmara (Garo bills), 
Dalabe, Eama, Eyaungon, Myaukmigon, Tittabwe. 

29. T. (Myurella) quettensis Vred. Leptanzeik, Myaungu (low 
horizon), (?) Tenengyat, Singu; also in the Nari of Baluchistan. 

30. T. (Myurella) trizonata Vred. Mekran beds. 

31. T. (Myurella) Tipperi n. sp. 

Group of Terebra tnyuros Lamarck. 

32. T. (Myurella) myuros Lam., var. ohdiscus n. var. 

33. T. (Myurella) butaciam Martin. Dalabe, Myaukmigon. 

34. T. (Myurella) cingulifera Lamarck (Cossmann, Joum. 
Conch., 1900, Vol. XLVIII, p. 28). Upper Tertiary of Earikal. 

Group of Terebra Steamsii Pilsbry. 

35. T. (Myurella) Oldhami n. sp. 

Group of Ter^a cancelkUa Gray. 

36. T. (Myurella) intermedia n. sp. 

Group of Terebra caliginosa Deshayes. 

37. T. (Hastvla) Hirasei n. sp. 

38. T. (Hasttda) Lepperi n. sp. 

89. T. (Haslula) Set/turamce n. ep. 

Group of Terebra strigilata [Linn.] 

40. T. (Hastula) oalamaria n. sp. 



^46 keeoris of tAe Geological Survey of India. [ Voii. til* 

Group of Tereftm oinerea Bom. 

41. T. {Haatula) pectinata n. sp. 

42. T. (Hastula) pagoda n. Bp. 

Group of Terebra Mayoi. 

43. T. (Hastula) Mayoi n. sp. 

44. T. (Hastula) tittabweensis n. Bp. 

Group of Terebra iravadica. 

45. T. (Hastula) iravadica n. sp. 

46. T. (Hastula) Stuarti n. sp. 

47. T. (Hastula) cotUinuicosta Gossmann (Joum. Conch., 1900, 
Vol. XLVIII, p. 24, PI. II, figs. 9, 10). Upper Tertiary of 
Earikal. 

Species of uncertain affinities. 

48. T. (Hastula) Herklotsi Martin, var. arundinea. 

The forms occurring in the Nari, Gaj and Mekran beds of North- 
Western India are fully described in a volume of the Memoirs of 
the Geological Survey of India, at present in course of publica¬ 
tion. The diagnoses of hitherto undescribed forms from the Tertiary 
of Burma are contained in the following pages. 

Tebebra Dalabeenbib n. sp. 

PI. X, fig. 1. 

Except for its much smaller dimensions, this shell corresponds 
exactly with Terebra Junghuhni Martin, from the Tertiary for¬ 
mation of Java. Unless aU the specimens be immature fragments, 
they must represent a different form, perhaps a premutation, which 
may provisionally be regarded as specifically distinct. The Burmese 
fossil is evidently an ancestral form of Terebra dimidiata [Linn.] 
with the earlier whorls of which it entirely agrees. 

Occurrence. —^Dalabe, Eyaungon. 

Terebba (DtTPLiOABU) Theobaldi n. sp. 

PI. X, fig. 2. 

This shell is closely related to Terdtra, gedrosiana Vred., from 
the Mekran bed^ of Baluchistkn, from whidi it is distinguished prin* 
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cipally by its wider-spaced ribs. The vertical disposition of the 
ribs distinguishes it from Terdtra myaunguinsis in which they are 
strongly oblique, and from Terebra 'protodufUcata in which, more¬ 
over, they become more crowded on the body-whorl upon which 
their spacing remains unaltered in the case of Terehra Theobaldi, 
The angular intervals between the ribs of Terdyra Theobaldi dis¬ 
tinguish it from Terebra Smithi Martin, in which these intervals are 
flat. Amongst living species, Terebra Dussumieri Kiener is very 
closely related, but grows to much larger dimensions. 

Occurrence. —^Kyudawon. 

Terebea (Duplicabia) Cotteri n. sp. 

PI. X, fig. 3. 

In shape, this shell ccmes very close to the l^ing Terdtra duplicata 
[Linn.], while the ornamentation of the circumsutural band closely 
recalls that observed in the living Terebra Dussumieri Kiener, the 
whorls of which are taller; both living species, moreover, growing 
to a lai^er size. The shell is perhaps to be regarded as a fossil 
precursor of Terdyra Dussumieri. 

Occurrence. —Mindegp. 

Terebra (Duplicabia) Woodwabdiana Martin, var. minde- 

GYiENSis n. var. 

PI. X, fig. 4. 

The smaller dimensions, on the supposition that the only avail¬ 
able specimen is full-grown, constitute the only precise difference 
between this shell and Terebra Woodtsardiana Martin, from the 
Tertiary formation of Java of which it may, provisionally, be con¬ 
sidered as constituting a variety. The ribs, in the Burmese shell, 
are somewhat more numerous. 

Compared with Terdna protoduplicata, this shell is distin g ui sh ed 
by its more convex whorls, its broadly roof-shaped ribs, its narrower 
circumsutural band, and the delicate web of spiral mark ings. 

Martin has compared Terdyra Woodvxtrdidna with the living Terdyra 
UmgisctUa Deshayes, the distinction from which, so far as can be 
made out from available figiues and descriptions, somewhat lacks 
precision. 

Occurrence .—^Mindegyi 
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Tbkebba (Dotuoabu.) icTAUNotTBirais n. ip. 

PI. X, fig. 6. 

The resemblanoe between this shdl and Terebra Woodwar^fUtna 
is BO dose as to justify a great deal of hesitation as to whether it 
should be Bpecifi <^7 separated. The great obliquity of the ribs 
constitutes the only conspicuous difference which, however, is so 
evident that it may, provisionally, be regarded as sufficiently precise 
to constitute a specifically character, ^e ribs 

are fewer than in the previously notic^ variety mndegyieneie, 
in which character the shell approaches more dosdy to the Javanese 
type of Terebra Woodwardiana. 

The obliquity of the ribs distinguishes this foBsU from the living 
Terdtra Um^ocOa Deshayes, which has been compared by Martin 
with Terdira Woodwrdiana. 

Ooeurrence. —^Myaungu, high horizon. 

TeBBBBA (SuBUIJk.) COSSMANNI n. sp. 

PI. X, fig. 10. 

This shell exhibits a certain superficial resemblance to Terdyra 
‘protoduflicata, from which it is distinguished by its much more 
dimorphous and more complex ornamentation, its larger size, its 
anteriorly less contracted base. Compared with Terdyra Noetlingi, 
it is smaller and more elongate. 

Amongst living species, die one which it approaches nearest 
is Terdyra ddorata Lamarck, which is larger and smoother. Terdyra 
aenegaleneie Lamarck is also very closely related and may have 
the ribbed ornamentation persistent up to the body>whorl, but 
it also grows to Considerably larger dimensions. 

Oeeurrence. —^Eyaungon, Tittabwe. 

/ 

Tbbxbba (Mtubelba) bbombnsis n. sp. 

H. X, fig. 6. 

The great breadth of the drcumsutural band this shell, mea* 
suring half or neady half the height of the whorls, is equalled 
only in certain varieties of Terebra pretioea Beeve, which, moreover, 
dosdy resemble the Burmese fossil in thdr general outline, in the 
shape and proportions of thdr spire-whorls and body-whorl, wd 
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in the characters of their cudal ornaments and of the crowded ddicate 
wrinkled spiral lines crossing them, but which are distinguished 
by their much larger dimensions. The Burmese fossil is probably 
to be regarded as an ancestral premutation. 

Ocourrence. —^Kyudawon; Myaungu, high horizon. 

Tbbbbba (Myubella) BmuANiCA n. sp. 

PI. X, fig 8. 

Amongst hitherto described species of Terebra, there do not 
appear to be any, which combine the shape of this shell with a deco¬ 
ration so evenly and delicately trellised. This elegant shell seems 
related to Terebra Cumingi, with which it shares, to some extent, 
the glossy appearance of the surface, as though it had been dipped 
in gum or coated with a porcelain glaze. 

Occurrence. —Dalabe. 

Tebbbra (Myubblla) eVudawonbnsis n. sp. 

PI. X, fig. 7. 

Compared with Terebra Martini which it resembles, this species 
is smaller, more elongate, with much more prominent posterior 
bands, with more r^ularly distributed spiral ornaments on the 
anterior part of the whorls. Except for its small dimensions, it 
bears the closest resemblance to Terebra triseriata Gray, from the 
eastern seas, of which it may represent a premutation. 

Occurrence. —^Kyudawon. 

Tbbbbba (Myubella) Mabtini n. sp. 

1879. Terebra bicincta Martin. Tertiarsohiohten aul Java* p. 33, pi. VI., fig. 13« 

1900. Terehra (Myurdla) Cumingi Besb. eec, Cossmann. Joum. Conoh., VoL 
XLVni, p. 27. pL n, fig. 18 (tion U). 

aofi Terebra bicincta Hinds, Proc, Zoci. 8 <k,^ 1843, p. 150. 

non Siriotcrebrum bicinctum Mart. see. Noetlmg, Pol. /ml., new aer., 1901, Vol 1, 
part 3, p. 337, pi. XXII, fig. 15. 

Compared with Terdtra bicincta Martin (non Hinds) from the 
miooene formation of Java, the Burmese specimens usually 
exhibit, on the anterior portion of the whorls, somewhat more promi¬ 
nent axial folds than the Javanese type. The posterior band is 
usually somewhat less prominent in the Burmese shells, and the 
general diape is usually not so slender. Taking into oomnderatkm 
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the degree of variability indicated by the numerous available speci¬ 
mens of the Burmese fossil, the Terences seem insufficient for 
distinguishing them as a separate species. The specimens from 
Eyaungon agree especially closely with the Javanese type. 

One of the specimens from the Tertiary formation of Earilcal 
figured by Gossmann (fig. 18, Joe. cit.) and referred to Terebra Cunmgi 
Desh, also appears to be identical with the Burmese fossil under 
consideration. Anteriorly to the double circumsutural band, the 
above-mentioned Earikal specimen exhibits clearly only four spiral 
threads, while in the majority of the Burmese specimens, five are 
visible, and in some varieties, more. There are nevertheless also 
specimens from Burma in which only four spiral threads are clearly 
visible, and these entirely agree with the above-mentioned specimen 
from Earikal. The second specimen figured from Earikal (fig. 14, 
Joe. dt.) represents a coarser-omamented form, probably belonging 
to another species. These Earikal specimens lack the raised spiral 
lines of the circumsutural band, which form one of the most charac¬ 
teristic features of Terdbra Cumingi and do not seem, therefore, to 
be referable to that species. 

Amongst living forms, Terebra Loebeckeana Bunker, from Japan, 
seems related, but is distinguished by the presence, on the circumsu¬ 
tural band, of spiral striations which are not distinctly developed 
in the Burmese shell. 

Occurrence. —^DaUbe, Eyaungon, Myaukmigon, Tittabwe. 

Tebebba (Myubella) Hobnelli n. sp. 

PL X, fig. 9. 

Compared with Terebra Martini, this species, although of exactly 
the same length, is relatively somewhat narrower. It is distinguished 
by the structure of its circumsutural rim consisting of two equal 
main divisions, while in Terd>ra Martini, the posterior division 
greatly exceeds the anterior one in width. The spiral threads of 
the anterior portion of the spire-whorls are of much more uniform 
thickness in Terebra Martini than in Terebra HomeUi, On the anterior 
part of the spire-whorls, the axial ribs of T&rebra HomeUi are more 
prominent and straighter than those of Terebra Martini. The 
nodes of the circumsutural rim do not tend to become efiaoed 
with increanng growth in Terdtra HornbUi. in the manner usually 
observed in Terebra Martini. Lastly, the base of Terebra Homdl 
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does not rahibit the more or less abrupt effacemeut of the omamenta* 
tion observed in Terehra Martini. 

Terebra pamotanensis Martin (Samml. des. getd. Reichs.-Mus. 
in Leiden, 1906, new series, Vol. I, p. 284, PL XLII, fig. 681) from 
the miocene beds of the neighbourhood of Gunung Butak in Java, 
is closely related to the Burmese fossil, but is distinguished by the 
more even size and more even distribution of the main spiral threads 
of the anterior part of the spire-whorls. It also lacks the subsidiary 
parting of the circumsutural rim. The living Terebra torquata Ads. 
and Reeve, as illustrated in Hiraae’s monograph (1917, Terebridss 
of the Japanese Empire, p. 11, P. Ill, figs. 30-32) also closely re¬ 
sembles the Burmese fossil, but, like Terebra pamotanensis, is dis¬ 
tinguished by its more regularly disposed ornamentation, while 
its spire also appears somewhat more broadly conical. 

Occurrence. —^Dalabe, Kyaungon, Myaukmigon, Thanga, Tittabwe. 

Terebra (Myurei,la) buolyptica n. sp. 

PI. X, fig. 11. 

In the absence of any distinct passage forms, this shell may 
provisionally be regarded as specifically distinct from Terebra 
HomeUi, compared with which it is distinguished by its smaller 
dimensions, its decidedly more crowded whorls, the broader more 
prominent posterior swollen band of which the anterior subdivision 
tends to split up posteriorly at a relatively early stage of growth, 
the shorter body-whorl, and, lastly, the more sharply defined orna¬ 
mentation. 

Occurrence. —Thanga, Tittabwe. 

Terebra (Myurella) Tipperi n. sp. 

PI. X, fig. 12. 

Compared with Terebra protomyuros, this species is distinguished 
by the different proportion of its whorls, which are lower relatively 
to their width, by the more crowded axial ribs, the more regularly 
disposed spiral threads, and by the greater breadth and absence 
of prominence of the posterior differentiated band. It resembles 
Terebra pamotanensis Martin from the miocene of Java, but it has 
broader spiral threads relatively to the intervening spaces, more 
crowded axial ornaments, and is further distinguished by the three- 
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fold division of its oircomsntaial rim, of whidi tKare is no indioatitui 
in the Javanese shell. 

Ooottrrenee. —^BfyaukmigoiL 

Tbrbbra {MYVBXLI.A) inTUBOS Lanutfok, var. obbusoub n. var. 

PI. X, fig. 18. 

In the recent examples of Terebra myutoa, the posterior sob* 
zone of the oircumsutnral band still shows a slight tendency to form 
a circumsutural swelling, while both this zone and the second band 
antoiotly to the bounding farrow of the circumsutural band show a 
slight tendency to develops nodules in a manner which is not observed 
in any of the fossil specimens. In no instance does the circumsutural 
band, in the living form, become converted into a slope contracting 
towards the suture as in the fossil examples. These differences 
in Btruoture of the circumsutural portion of the whorls, which are 
more pronoimced in some specimens than in others are not sufficiently 
precise to constitute a specific distinction. On the body-whorl, 
the transition from the cylindrical outline of the portion correspond¬ 
ing with the spire to the convexity of the base is perhaps slightly 
leas gradual in the living titan in the fossil examples. The fossil 
may be r^;arded as a variety, or perhaps rather only as an extinct 
race of the living species. 

Oeeurrence. —^Eyaungon. 

Tbbbbba (Myttbella) Oldhami n. sp. 

PI. X, fig. 14. 

This beautiful shell is, perhaps, to be regarded as an ancestral 
form of the laige Terebra Steameii Pilsbry, from Japan, the whorls 
of which are shaped and decorated in very much the same manner 
as in the Burmese fossil. 

Ooeurrenoej—Kyndawon. 

TbBXBBA (MvmiBLLA) INTBBMBDIA U. Sp. 

H. X, fig. 16. 

TieOO. Terebra (iiyareUa) emeeUata Quoy etc. Cohoimui. Joum. Conoh.. 

VoL XLTin. p. 26. PL 11, figa. 6.& 

Mudh hesitation is ftit in attempting to classify this shtil. It 
OQjnbines the ^pmd otnMnentation ^ Mywr^ udth the feeble 
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tenninal notch and non-bulging terminal zone o! Hasttda. It possesses 
a cdxcnmsutural band like Myurdla, but the furrow limiting this 
band is completely bridged over by the axial ribs. Moreov^, 
although this posterior furrow is supposed to be characteristically 
absent in Hattula, a careful inspection will soon show that its absence 
is neither complete nor invariable amongst species which are un¬ 
doubtedly referable to that sub-genus. The specific name has been 
su^ested by these characters which appear to be quite intermediate 
between those of Hattula and those of the MywrtMa section of 
Terdtra. • 

This shell does not seem specifically distinguishable from a 
Karikal fossil which Cossmann {loc. cit) has referred to the living 
Terebra oancdlata Quoy and Gaimard. In the Karikal shell, the 
spiral ornaments, instead of becoming more crowded towards the 
anterior margin of the spire-whorls as in the Burmese specimens, 
either remain even-spaced, or the qtacing may expand. The 
circumsutnral ridge is a little broader in the Karikal diell than in 
the Burmese specimens, usually more distinctly striated, and the 
bounding furrow is somewhat more continuous though still bridged 
over by the ribs. All the other characters of shape, size and orna¬ 
mentation are identical, and the differences above-mentioned 
seem insufficient for establishing any specific distinction. All 
these fossils, whether from Karikal or from Burma, scarcely attain 
half the dimensions of the living Terdfra canceUata, and, iinliwa all 
the specimens be regarded as immature, their specific identity with 
the living form seems improbable. The same diSerenoe in size 
distiugnishes the Burmese shell from the living Terdrra Fortune*. 
Desh., which it otherwise resembles. 

Ooeurrence. —^Dalabe, Myaukmigon. 

Tbuebba (Hastula) HniASEi n. sp. 

H. X, fig. 18. 

Except for its much smaller dimensions, this sheU entirely agrees 
with an unnamed species from Japan published in 1917 by ffirniw 
(Terebridss of the Japanese Empire, p. 15, PL VII, figs. Ill, 112). 
The Burmese shell is evidently a precnrror of the recent species. 
Another closely related species is Terdtra eaUginota Deshayes, 
from the eastern seas, which, •pparently, lacks the spiral p rpapianK 

OcowT eaee,—palabe, Thanga, Tittiffi^, 
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TersbiU (Hastula) Lbppbri n. sp. 

PI. X. fig. 15. 

This shell exhibits the closest resemblance to Terebra Hirasei, 
of which it should, perhaps, be regarded as a variety, but from which 
it is distinguished by its smaUer dimensions, its rather more abruptly 
contracted base accounting for the relatively smaller size of the 
aperture, the somewhat different shape of the whorls the greatest 
tUckness of which is nearer to the posterior than to the anterior 
margin, while, in Terebra Hirasei^ the convexity of the whorls is 
more even and their greatest thickness is situated at half their height 
or nearer to the anterior margin. The spiral ornaments are more 
crowded in Terebra Lepperi than in Terebra Hirasei^ the raised 
ornaments exhibiting more of the ordinary appearance of spiral 
threads instead of forming flattened ribbon-like bands as in Terd}ra 
Hirasei, The circumsutural band is much more distinctly marked 
off in Terebra Hirasei^ in which its distinctness increases with growth, 
than in Terebra Lepperiy in which, on the contrary, it becomes more 
indistinct on the later whorls. 

Occurrence, —Dalabe, Kyaungon, Myaukmigon, Thanga. 

Terebra (Hastula) Sethuramab n. sp. 

PL X, fig. 17. 

This shell closely resembles Terebra Hirasei^ from which it is 
distinguished by its smaller dimensions, its relatively shorter whorls 
and shorter base, and its much more pronounced posterior furrow. 
Terd)ra Woodwardiana Martin from Java (Samml, des geol, fi.- 
Aftis. in Leiden, Ser. 1, Vol. Ill, p. 73, PI. V, fig. 76) exhibits some 
superficial resemblance, but carries, on the circumsutural band, 
spiral striations, of which there is no indication in the Burmese 
sheU. 

Occurrence. —^Thanga, Tittabwe. 

Terebra (Hastula) oalamaria n. sp. 

PI. X, fig. 19. 

This shell is cloi^ly related to Terebra sirigiUata [Linn.] which 
is relatively broader. Terdrra nUida Desh. is also relat^, but 
oames thicker libs, The ribs, on l^he contrary, appear to be more 
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delicate in Terebra cuspidata Hinds and T. Trailli Desh., which 
are further distinguished by their somewhat smaller dimensions. 

Occmrence, —^Dalabe. 


Terebra (Hastula) pectinata n. sp. 

PI. X, fig. 20. 

The ornamentation of this shell, recalling the appearance of a 
combed fleece or mass of hair is characteristic. The shell bears 
the closest resemblance to the living Terebra aeaminata Gray, 
the habitat of which is unknown. In Terebra acuminatay the ribbed 
decoration is restricted to the posterior border of the whorls, the 
anterior portion of which is smooth. According to Tryon, Terebra 
acuminata together with a host of other forms, should be regarded 
as specifically identical with the much larger Terebra einereay in which 
the base is much shorter and much more abruptly contracted than 
in Terebra acuminata and in the Burmese shell, while the ornament¬ 
ation extends throughout the entire height of the whorls and is 
identical with that of the Burmese fossil. If the view of the specific 
identity of Terebra acuminata and Terebra cinerea be accepted, 
the fossil equally cannot be considered to be specifically distinct, 
and must be regarded as a variety of Terebra cinerea combining 
the ornamentation of that large form with the shape and smaller 
dimensions of Terebra (icuminata. 

Occurrence. —Myingabaing. 

Terebra (Hastula) pagoda n. sp. 

PI. X, fig. 21, 

No other species appears to have been described in which the 
same ribbed decoration is combined with such tall, narrow whorls, 
with so straight an outline. Amongst living species, somewhat recalling 
this shell by their tall spire-whorls, are Terebra baciZZu# Deshayes, 
from the Hawaiian Islands, T. apicina Deshayes, from Singapore, 
T, cuspidata Hinds, from South Africa. In all these species, how* 
ever, the whorls are more distinctly convex, and the ribbing is 
restricted to the posterior margin, 
pc^urrefice.—^Eyaungon, Tittabwe, 


9 



356 


Records of ihe Geological Survey of India. [ Voi. U* 


Tbbbbba (Hastula) Matoi n. sp. 

PL X, fig. 22. 

Small-medium, slender, with elongate conical spire measuring 
three-fourths of the total height. 

The apex is missing. The number of whorls following the proto¬ 
conch is probably about thirteen. Their height is equal to two- 
thirds of their width. The whorls exhibit an extremely shallow 
posterior concavity and anterior convexity, scarcdy perceptible, 
so feeble that they practically do not interfere with the steeply 
conical shape of the whorls, the posterior margin of which fits so 
tightly round the preceding whorl that the surface is not stepped 
at the sutures, and the conical outline of the spire is remarkably 
even. The linear sutures are slightly incised. A discontinuous, 
rather inconspicuous and rather shallow furrow determines the 
formation of a posterior zone measuring somewhat more than 
one-third of the height of the whorls. The whole surface is divided 
into flat spiral bands by spiral incisions. On the circumsutural 
zone, throughout the greater portion of the spire, there are four 
equidistant spiral incisions dividing the surface into five bands, of 
which the one nearest the suture is very narrow, while the remainder 
are broader and all equal. Anteriorly to the main furrow, the 
spiral incisions are so disposed that, at intermediate stages of growth, 
there are, about the middle of the whorls, four relativdy broad 
Lands, broader than those of the circumsutural zone, while, along 
the zone bordering the anterior margin, there are four more bands 
narrower than those of the posterior circumsutural zone. These 
four anterior narrow bands result from the breaking up of two bands 
of relatively double their width occupying the same position on the 
earlier whorls. Towards the end of the last spire-whorl, the broad 
bands of the middle portion of the whorls and the two anterior 
bands of the circumsutural zone, also tend to become each subdivided 
by a median furrow. All the spiral features, whether raised or 
sunken, are interrupted by very narrow, wide-spaced axial ridges 
pcretching from suture to suture, and very slightly thicker along the 
postmor pircumsutiiral zone thui in the other parts of their course. 
Their general direction is vertical, and they exhibit a very stiff 
sigmoidal curvature of which the point of inflection is at the level 
of the boundary furrow of the posterior circumsutural zone, the 
Iqrwi^-facmg convexity of the rid^M corresponding with the portip)} 
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situated on that circumsutural zone, the remaining portion exhibit* 
ing a forward-facing concavity; the curves being so disposed that 
the posterior termination of the ridges is normal to the posterior 
suture, their anterior termination very steeply antecurrent to the 
anterior suture. The intervals between the ribs are occupied by 
extremely crowded fine lines of growth, especially visible where they 
cross the spiral furrows. 

The body-whorl measures two-sevenths of the total height. An¬ 
teriorly to the level of the suture it contracts with a somewhat 
ovoidal convexity, inflected anteriorly into a concavity which 
carries the outline into a vertical direction at its junction with the 
non-projecting, feebly differentiated zone of accretions to the shallow 
terminal notch which is bounded posteriorly by a feebly prominent, 
rather ill-defined, slightly angulated bulge. The ornamentation of 
the last spire-whorl is continued on the corresponding part of the 
body-whorl with an accentuation of the above-described bifurca¬ 
tion of some of the broader bands, the subdivisions of which now 
become practically independent, so that, with the exception of 
the portion nearest the suture, the greater part of the body-whorl 
appears to be ornamented with very narrow spiral bands separated 
by incised lines, the same spiral decoration being continued, anteriorly 
to the level of the suture, all over the base as far as the boundary 
of the terminal zone, with only occasionally a band a little broader 
than the remainder. The furrow bounding the circumsutural band 
becomes practically undistinguishable from the other spiral inci¬ 
sions on the body-whorl. The axial ribs disappear almost im¬ 
mediately beyond the level of the suture, the base, up to the border 
of the terminal zone, bearing in addition to the akeady described 
spiral ornaments, only some obscure lines of growth, recurved, 
and gradually receding anteriorly. The terminal zone carries a 
few fine, raised spiral lines, much narrower than the intervening 
spaces, crossed by crowded lines of growth, concave towards the 
extremity of the shell. 

The aperture is posteriorly angulated. The columella is con¬ 
nected at an angle of 135° with the base of the penultimate whorl, 
anteriorly to which, for a considerable portion of its course, it is 
vertical, and afterwards bends into a somewhat convex extension, steeply 
oblique, towards the left of the shell, corresponding with the steeply 
and moderately twisted, rather blunt terminal edge. Internally 
the inward extension of the columella carries a very thin, but at 

P8 
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the same time very sharply defined spiral ledge, close to the inward 
continuation of the anterior twist, which does not correspond with 
any external feature. The columellar lip is fairly thick, with a 
well defined edge, slightly expanded posteriorly over the base. 
The outer lip is normal to the suture and nearly vertical. 

Dimensions, 


Height.36 

ThiokueBB.6 

Height of B|>ire .28 

Height of body-vhorl.11 


Occurrence. —Tittabwe, 

Bemabks. —^It has been necessary to give the foregoing descrip¬ 
tion in full, because, amongst hitherto described species, there do 
not appear to be any that combine the various characters of this 
sh^, which I have much pleasure in dedicating to the Burmah Oil 
Company’s geologist Mr. H. Mayo. 

Tebebba (Hastula) tittabweensib n. sp. 

H. X, fig. 23. 

This shell is very closely related to the above-described Terdbra 
Mayoi, though, in the absence of any connecting links, it must be 
provisionally legarded as a separate species distinguished by its 
more sharply defined posterior furrow, its wider-spaced ribs, its 
crowded spiral striations, even at early stages of growth. Exter¬ 
nally it bears some resemblance to Terdna Lepperi, ham which it is 
distinguished by its feebly uniplicate columella, that of Terebra 
Lepperi being strongly biplicate. 

Occurrence. —^Tittabwe. 

Tebebba (Hastci<a) ibavabioa n. sp. 

H. X, fig. 24. 

Small, elongate, with slender conical spire measuring four-fifths 
t>f the total height. 

The aptt is missing. The number of spire-whorls following 
the protoconch is probably about twelve. Their height is equal 
to two-thirds of t^eir yqdth. Th^ are sU^^tly convex> separated 
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by linear sutures. A well marked though somewhat interrupted 
furrow demarcates a posterior circumsutural band measuring one- 
third of the height of the whorls. Anteriorly to the circumsutural 
band, the surface carries seven spiral threads, somewhat broader 
than the intervening spaces, either evenly distributed, or else gra¬ 
dually wider-spaced towards the anterior margin. Four more, 
rather narrower and rather less distinct threads decorate the cir¬ 
cumsutural band, two corresponding respectively with its anterior 
and posterior margins, and two intermediate ones. With the 
exception of the boundary furrow of the circumsutural band, all the 
other Spiral features, whether raised or sunken, are interrupted by 
a set of prominent, ridge-like, narrow, rather wide-spaced axiafl ribs, 
which, although they bridge across the posterior main furrow, are 
nevertheless depressed at its intersection. They are slightly thicker 
on the posterior band than on the remainder of the surface. They 
are slightly oblique on the circumsutural band, steeply antecurrent 
to the suture. On the anterior surface they exhibit a very shallow 
curvature with forward directed concavity, practically continuous 
at first, across the main furrow, with the oblique direction, which 
the ribs follow on the circumsutural band, while anteriorly, the 
slight curvature carries them first into a vertical trend and finally 
into a slight obliquity in the opposite direction, so that they finally 
reach the anterior margin with a steeply antecurrent obliquity. 
The ribs exhibit a slight tendency to become crowded towards the 
termination of the spire. 

The body-whorl measures one-third of the total height. An¬ 
teriorly to the level of the suture, it contracts with an ovoid convexity, 
the curvature of which stiffens anteriorly, and may reach the feebly 
differentiated zone of accretions of the terminal notch either with 
a still contracting oblique trend, or else with a slight concave in¬ 
flection, by means of which it may just reach verticality. A feebly 
raised rim posteriorly bounds the rather steeply winding, scarcely 
projecting terminal zone. The decoration of the last spire-whorl 
is continued on to the corresponding portion of the body-whorl. 
Just beyond the level of the suture the ribs vanish, so that almost 
the entire base up to the terminal zone is perfectly smooth. 

The aperture is narrowly angulated, sUghtly channelled poster- 
riorly. The columella, straight and practically vertical until it 
bends into the terminal twist close to its termination, forms an angle 
of 130^ with the base of the penultimate whorL Its inward extw- 
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sion exhibits one thin, feeble spiral fold dose to the anterior twist. 
The oolumellar lip is slightly thickened, slightly expanded posteriorly 
over the base. The outer lip is steeply antecurrent to the suture, 
anteriorly to which it recedes with a steep obliquity. 

Dimensions. 


mm. 

Height.26 

Thickness.5 

Height of spire.20 

Height of body-whorl ......... 8 


Occurrence. —Kyaungon, Tittabwe. 

Comparison with other species .—There do not appear to be 
any forms closely related to this shell amongst hitherto described 
species of’ the sub-genus Hastula. Terebra textilis Hinds bears a 
somewhat similar decoration, but it has a shorter base and belongs 
to a different group. 

Tebebba (Hastula) Stuabti n. sp. 

PI. X, fig. 25. 

This shell is related to Terebra iravadica, but it is larger, some¬ 
what more slender, and with a different character of the ornamen¬ 
tation, especially as regards the spiral decoration consisting of mere 
incisions, few in number, separating broad flat bands, instead of the 
well-defined, crowded spiral threads of Terebra iravadica. Terebra 
continuicosta Cossmann, from the Tertiary beds of Karikal, is 
not unlike Terebra Stuarti, but it has a broader circumsutural 
band and wider-spaced ribs. 

Occurrence. —Kyudawon. 

Tebebba (Hastula) Hebklotsi Martin, var. abundinea n. vat. 

PI. X, fig. 26. 

1879. TerAra Herhtatsi Martin.—^Tertiaraohiobten auf Java, p. 34, pi VI., fig. 14. 

On the supposition that this shell may have been nearly full- 
grown, the Burmese form would be distinguished from the Javanese 
type of Terebra HerJdotsi by its much smt^er dimensions, on which 
account it may provisionally be regarded as a distinct variety. In 
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fevery other character but that of size, it agrees with the description 
and figure published by Prof. Martin. 

Occurrence, —Dalabe. 

The admirable photographs illustrating these notes have been 
prepared in the ofl&ce of the Zoological Survey of India by S. C. 
Mondul with the kind permission of Dr. N. Annandale to whom 
I wish to express my heartiest gratitude. The original photographs 
as well as the beautiful photogravure reproduction prepared by the 
Survey of India are entirely free from retouch. 


EXPLANATION OF PLATE X. 

Fio. 1.—Terebra dalabeensis n. sp. Dalabe. -f. 

Fig. 2.—^Terebra (Duplicaria) Theobaldi n. sp. Kyudawon. f. 

Fig. 3.—Terebra (Duplicaria) Cotteri n. sp. Mindegyi about 1,000 feet above 
base of exposed section. 4 * 

Fig. 4.—Terebra (Duplicaria) Woodwardiana n. sp. Martin, var. mindegyiensis. 

Mindegyi, about 2,800 feet above base of exposed section, 

Fig. 5.—^Terebra (Duplicaria) myaunguensis n. sp. Myaungu, high horisson. 

Fig. 6.—Terebra (Myurella) promensis n. sp. Kyudawon. f. 

Fig. 7.—Terebra (Myurella) kyudawonensis n. sp. Kyudawon. f. 

Fig. 8.—Terebra (Myurella) birmanica n. sp. Dalabe. f. 

Fig. 9.—Terebra (Myurella) Homelli n. sp. Thanga. 

Fig. 10.—Terebra (Subula) Cossmanni n. sp. Kyaungon. -J. 

Fig. 11.—Terebra (Myurella) euglyptica n. sp. Thanga. 

Fig. 12.—Terebra (Myurella) Tipperi n. sp, Myaukmigon. 

Fig. 13.—Terebra (Myurella) myuros Lamarck, var, obehscus, Kyaungon. 

Fig. 14.—Terebra (Myurella) Oldhami n. sp. Kyudawon. -f. 

Fig. 16.—^Terebra (Hastula) Lepperi n. sp. Thanga. 

Fig. 16.—^Terebra (Myurella) intermedia n. sp. Myaukmigon. f. 

Fig. 17.—^Terebra (Hastula) Sethuramse n. sp. Tittabwe. f. 

Fig. 18.—^Terebra (Hastula) Hirasei n. sp. Tittabwe. -f-. 

Fig. 19.—Terebra (Hastula) calamaria n. sp. Dalabe. -f*. 

Fig. 20.—Terebra (Hastula) poctinata n. sp. Myingabaing. f. 

Fig. 21.—Terebra (Hastula) pagoda n. sp. Tittabwe. 4* 

Fig. 22.—^Terebra (Hastula) Mayoi n. sp. Tittabwe. 4* 

Fig. 23.—^Terebra (Hastula) tittubweensis n. sp. Tittabwe. -1. 

Fig. 24.—Terebra (Hastula) iravadica n. sp. Tittabwe. 

Fig. 25.—Terebra (Hastula) Stuarti n. sp. Kyudawoa y. 

Fig. 26.—^Terebra (Hastula) Herklotsi n. sp. Martin, var. arundinea. Dalabe. 5. 
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Indian Fossil Viviparae. By N. Annandale, D.Sc., 

F.A.S.B. Zoological Survey of India. (With Plate ii). 

I N a recent paper^ I discussed tlie fossil Viviparidse of Upper 
Burma and compared them with their living representatives from 
the same countr 7 and with similar forms from other regions and 
epochs. I had not seen Mons. H. Mansny’s* interesting account 
of fossil species of the family from a lacustrine basin in 
Yunnan, but Mr. Vredenburg has now been kind enough to call my 
attention to it and I am glad to find that the French author and 
I, working independently, have come to very similar conclusions 
as to the evolution of highly sculptured shells in such genera as 
Toto and Margarya. There is, however, one point in my own 
paper on which additional information, only quite recently available, 
leads me to think that I expressed too confident an opinion, namely 
that the nodulose, squamose or even spinose sculpture in the 
shells of such species was derived from smooth spiral ridges. 1 
was led to this view by the fact that in Taia theobcUdi, which is 
in some respects the most primitive form in its genus, the spiral 
ridges on the shell are nearly smooth ; but even in this species 
they are not absolutely so, and it inhabits an environment 
(running water in small streams) in which entirely primitive types 
rarely occur. Moreover, the smooth, hollow ridges on such a shell 
as that of Vivijxira oxytropis (Benson) are associated, as 1 hope 
to show shortly in a more appropriate place, with an entirely 
different type of mantle-structure from t^t correlated with the 
shdl-sculpture of Taia and Margarya. Indeed, in the Viviparidse 
with highly sculptured shells we find three types of sculpture, the 
nodular, the solid linear, and the hollow linear and they are not 
homologous, probably not even analogous. 

The foscul shells of Vivipa/ra from Peninsular India and Baluchis¬ 
tan in the collection of the Geological Survey of India are of late 
cretaceous, teortiary and quartemary age, but the speoimens are 
few. They have not the superficial interest of the pec^ar Burmese 
fwms, but are probably of no less importance, in proving that the 

1 AmisBdsle, Bte. Gtd. Bwv. Ind. £, n. 909 (1010). 

• Vmsoft BrUt Btre. Owl. is Vluioimna F, Imw. 8 (1818). 
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Indian Viviparidss have undergone very little outward modification 
since late cretaceous times and that, so far as the evidence at 
present available goes, have never developed shells with prominent 
sculpture. 

In describing and discussing these species a question of some 
little difficulty has first to be answered: Which of the Intertrappean 
species assigned by Sowerby^ and Hislop* to the genus Po^tna 
really bdong to the Yiviparidee I In the collection before me I 
can find only one that I believe to do so, namely 7mpara normalit 
(Hislop). A few others {e.g., Hislop’s Paludma rcnolesi) may possi¬ 
bly do so, or may even represent connecting links between the Vivi- 
parida and the Hydrobiide; but such questions I must leave to 
Colonel Godwin-Austen, who tells me that he proposes to re-describe 
Hislop’s species and other molluscs from the Intertrappean beds. 
If I am right as to the position of V. normalis, I have seen only 
four fossil species from any part of the Indian Empire that can be 
referred to Vivipara. They are:— 

Vivipara normalis Intertrappean (late cretaceous) beds of 
(Hislop). the Centra] Provinces of India. 

Vivipara bugtica Oligocene or miocene beds of the Gbij 
(Blanford). stage in the Bugti Hills, Baluchistan. 

Vivipara atavia sp. Same beds in the Bugti Hills, 
nov. 

Vivipara hengalen- Alluvium of the Narbada and the 
tia (Lamarck). Ganges; recent all over India east 
of the Indus. 

The most interesting of these species is perhaps V. atavia as it 
appears to have given rise with very httle modification to a species 
still living in the inland delta of the Helmand. 

Yivifaba nobmaus (Hislop). 

1860. PtMina ttormaUt, HiBlop, Qwrt. Jown. Oeol. Soe., London, XVI, p. 166, 

pi. V, fig*. 3*, 8b. 

I have examined a large numbw of specimens, including several 
presented by Hislop himself, but unfortunately they are all oasts 
and none show the true structure of the mouth. So far as can 
be seen, the shell difiered little from species still common in the 

* Sowwby, Trant. Oeol. Soe. London, 8tul Set., V, pL ^drii (1840). 

* fii*l<^p, doom* Oeol. Soe* London, XVI, |k 166 (1860). 
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same districts and belonging to the group of Vivipara dissimtlis 
(Mfiller). 

According to Ilislop the fostsil is found rarely at Karwad and 
more abundantly at TakU and Phizdura. 

VlVEPAUA BU(&TIOA (BlANFORB). 

1883. Pdludina bugtica, Blanford, Mem, Qed, Surv, Ind. XX» p. 181, pi. I, figs. 6» 7. 

In addition to two cleaned specimens labelled “ type ” and 
evidently those figured by Blanford, there is a large series in the 
Geological Survey, all collected by the author of the species at 
Gandoi in the Bugti Hills and some of them still in the original 
matrix. Blanford believed them to be lower miocene, and Pilgrim^ 
has shown that they belong to a fluviatile facies of the Gaj stage, 
which in the same locality has yielded numerous vertebrate fossils. 

The species seems to belong to the same group as F. normalis, 
but the shell is narrower and less acuminate. 1 have nothing to add 
to the original description. 

Vivipara atavia sp. nov. 

PI. XI, figs. 1, 2. 

A species closely allied to the living F. helmandica, Annandale* 
from Seistan, Eastern Persia. 

The shell is short and broad, about 20-26 mm. high and 1^^ times 
as high as the maximum diameter, acuminate, with 4J or 6 whorls. 
The whorls of the spire increase in size gradually and evenly; the 
body-whorl is a little higher than the spire. None of the whorls are 
swollen or oblique, but the suture, though linear, is impressed and 
the surface convexly and narrowly flattened outside it. The aper¬ 
ture seems to have been broadly oval and very little or not at all 
pointed above, but is incomplete in the specimens examined. The 
umbilicus was probably closed or rimate. The ventral surface of 
the body-whorl is more convex than the dorsal and evidently re¬ 
ceded aWptly below the umbilicus. There is no trace of angulation 
or carination on this whorl. The external sculpture has entirely 
disappeared. 

Type^spedmm. —11—812 0, 8. 1. 

1 Pilgrim, Bee, Qed. Surv, Ind, XXXYU, p. 142 (1908). 

^ Annandale, Bee. Jnd, Mue, XIX, p. 114 (1920). 
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Material ,—The species is described from two specimens, both 
incomplete, collected by Dr. Guy Pilgrim at Kumbhi in the Bugti 
Hills, Baluchistan. They occurred in the freshwater beds of the Gaj 
stage, which Pilgrim^ from determination of their contained ver¬ 
tebrates correlates with the upper Aquitanian stage of the European 
oligocene. 

The two shells, though broken, are well preserved as to the greater 
part of their structure. The original shell-substance has been 
replaced by a hard crystalline stone of a creamy tint. In the 
aperture of one of them there is a plate that at first sight seems to 
represent a testaceous operculum, but it has no visible structure. 
In recent shells of F. helmandica dug from mud impregnated with 
salts in the Seistan desert I have observed a hard deposit on the 
outer surface of the true horny operculum, which is unusually thin, 
and I have little doubt that the plate in the fossil specimen had 
a similar origin. 

Affinities of the species .—Had the two fossil shells been recent, 
I would have had no hesitation in referring them to F. helniandica, 
but as there are certain small differential characters it seems best 
not to assume a specific identity without further evidence. These 
characters are the less swollen whorls and the smaller relative size 
of the penultimate whorl. They are to some extent variable in the 
living species, but in a large series of shells from Seistan I can find 
none that agree precisely with the fossils. F. atavia has been 
confused in the collection of the (Jeological Survey of India with 
F. hugtica (Blanford); but the shell is very different in shape, being 
much broader and in many respects more like the species that are 
now found living in the extreme north-west of India and in Eastern 
Persia. 

ViviPARA BENGALENSis (Lamarck). 

PI. XI, figs. 6^7. 

1822. Paludina bengaknsist Lamarok, Anim. sans Vertibres VI, (2), p. 174. 

1860. Paludina bengalensist Theobald» Jdem. Geol, 8urv. Ind. 11, p. 284. 

1920. Vivipara bengalensia, Annandale, JUc, Ind. Mua, XIX, p. 112. 

This is at present the dominant species in the Ganges valley and 
has many races and phases in different parts of the plains of the 
Indian Empire west of the Indus. It belongs to a different group 
from the other Indian recent and fossil forms and is more closely 


t Pilgrim, Mec. Otd. 8urv. Ind, XXXVU, p. 142 (1908) and XLllI, p. 264 (1913). 
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allied to those found in the Palsaarotio Begi<Hi. Possibly the group 
has reached India only since the present formation of the country 
was assumed, and no shells belonging to it have been found except 
in recent or subrecent deposits. 

There are, however, three sets of specimens in the collection of the 
Geological Survey that have been referred, I think rightly, to F. 
bengaleneis. The particulars are as follows:— 

The oldest in appearance consists of a single imperfect shell 
labelled “ Kolar Range; recent alluvium. Rev, S. Hislop.” The 
greater part of the shell-substance has been almost entirely replaced 
by a hard crystalline deposit, but some of the former apparently 
persists in the columellar region, which is very imperfect. There 
are 5| whorls and the outline, so far as it can be seen, seems 
to be rather more cylindrical than it is in most living forms of 
the species. The penultimate whorl is large and swollen as in 
Eobelt’s var. nepalensis from the Eastern Himalayas. 

The second series includes five shells in excellent preservation 
and is labeled “ Pleistocene. Narbudda. Hacket.” Theobald has 
recorded the existence of two forms of the species in alluvial 
deposits on the Narbada and it is probable that these shells belong 
to the larger form to which he r^fflrs. The specimens differ consi¬ 
derably from most recent shells in their thickness, strong vertical 
sculpture, elongate shape and wide Umbilicus. They agree, however, 
very closely in these and other respects with two shells I once 
found on the sea-shore at Puri. The latter were evidently from 
a series of pools in the bed of a small stream of fresh water the 
mouth of which was temporarily blocked by sand. Their surface 
was fairly fresh and there was no reason to r^ard them as any¬ 
thing but quite recent. Had these two shells and those from the 
Narbada deposits stood alone, I would have been prepared to 
regard them as representing a species distinct from F. bengaleneis, 
but thore are in the Indian Museum two large series of recent 
shells from widely separated parts of Peninsular India that render 
this course impossible. All these q>ecimens agree with those from 
Puri in the thickness of the shell, but they vary widely both in 
gmieral outlines and in the form of the umbilicus, providing a com¬ 
plete taAnsition to the typical henge^meis in every character except 
that of thickness of shell. These spemmens are from Poona and 
from the Karnul district of Madras. 



Part 4.] 


Annandale : Indian Fossil ViviparcB. 


367 


I propose for the large elongate phase from Puri and the Narbada 
the new name “ phase pachydoUchaJ* 

The third series of shells of F. hengalensis in the collection of 
the Geological Survey was dug up under Clive Street in Calcutta 
and is probably not at all ancient. The shells are thin and small 
and represent a type by no means uncommon in ponds of very 
slightly brackish water in the delta of the Ganges. These speci¬ 
mens are certainly recent. They are from the deposit in which 
the large oyster called Ostrcsa gryphoides by Newton and Smith^ 
also occurred. 

^Newton Sc, Smith, Rec. Oeai. Surv. Ind. XLII, p. 1 (1912). See also Vredenbui^ 
, ibid,, VoL XXXI, p. 174 (1904) and Annandale, VoL XXXVH, p. 221 (1908). 

EXPLANATION OF PLATE XI. 

(All the figures are from direct photographs of natural size.) 

Vivipara cUavia sp. nov. 

Fio. 1.—^Type specimen from the miocene beds of the Bugti Hills, Baluchistan. 
Pio. 2.—Another specimen from the same locality and horizon, showing the ap¬ 
parent presence of a testaceous operculum. 

Vivipara helmandica Annandale. 

Pio. 3.—Small shell from the recent alluvium of the Helmand, Seistan, Eastern 
Persia, showing the thin homy operculum covered with a deposit of 
caked mud and salt. 

Fig. 4.—Larger shell (co-type) from the same locality. 

Vitfipara hengalensis phase pachydolieha, nov. 

Fios. 5, 6.—Shells from the alluvium of the Narbada. 

Fig. 7. —^Fresh shell from Puri, Orissa. 
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On a new fossil Unionid from the INTERTRAPPEAN 
Beds of Peninsular India. By B. Prashad, D.Sc., 
Zoological Survey of India, Calcutta. (With Plate 12, 
figs. I, 2.) 

(Publiahed hy penniMion of Director, Zoologieal Survey of India.) 

W HILE examining the fossil Indian Unionidse in the collection 
of the Geological Survey of India I found a well preserved 
specimen labelled “ Pisidium medlicottiamm, Hislop ” and collected at 
Goraha, Narbada from the Intertrappean beds of Peninsular India. 
This specimen does not belong to the genus Pisidium and has 
no relationship with P. medlicottianum, Hislop,^ but is a true 
Unionid and should be assigned to the genus Lamellidens, Simpson. 
The shell is probably a young one, but is of particular interest in that 
it is the first fossil representative of the genus Lamellidens hitherto 
recorded. The fossil belongs to a new species, and I have great 
pleasure in associating it with the name of Mr. E. W. Vredenburg 
of the Geological Survey of India who has given me all facilities 
for going through the fossil Unionidse under his care, and in recogni¬ 
tion of the help he has given me in looking up the geological litera¬ 
ture on the subject. 

The genus Lamellidens is represented by a large number of 
species in South East Asia and is one of the dominant genera of 
Unionidse in India. The find of a fossil specimen from the Inter¬ 
trappean horizon is specially interesting in that it throws some 
light as to the probable time when the genus Lamellidens was evolved 
from the genus Vnio {sensu lato). It also shows the direct relation¬ 
ship of the freshwater fauna of the late cretaceous times in Penin¬ 
sular India and that which still occupies the same territory. L. 
vredenhurgi from its very primitive characters appesurs to come 
near the ancestral species from which the other more highly specialized 
present day forms have been evolved. 

Lamellidens VEEDENSuRai sp. nov. 

PI. XII, figs. 1, 2. 

Shell elongate, subrhomboidal, fairly thick, somewhat convex, 
subeqnilateral with an extremdy narrow posterior wing, greatly 

^ (^art, Journ. Oeol. Soc.^ London, XVI, p. 181, pi. x, figs. 06 a-c (186Q). 
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depressed below, umbones rather imperfectly preserved, but dis¬ 
tinctly showing their somewhat elevated character, eroded; surface 
with fine concentric ridges all over the surface; posterior ridge 
nearly straight, high, broadly rounded to the more or less regular 
curve of the posterior margin; anterior side somewhat angulate 
above, rapidly curving in after a short straight course to the ventral 
surface which is slightly curved; upper surface curved but having 
a distinct angle of 130° about the middle in the umbonal region. 
Hinge unknown. 

The unique type-shell measures 25*1 mm. in length by 15 mm. 
in height and 7*3 mm. in maximum thickness. 

The above description is drawn from the single nearly perfect 
shell consisting of both the valves united, and numbered Kl-464 
in the registers of the Geological Survey of India from Goraha, 
Narbada. 

Remarks .—The species, though nearly related to the living forms 
L. marginalia (Lam.) and L. corrianus (Lea)^, differs from either 
in shape, in the umbones being more prominent and the upper 
surface being more angulate. As already remarked it seems to 
come very near the ancestral form of the living species. 


* Soe Simpson, Descriptive Catalogue of the NaiadeSf Detroit, Michigan, pp. 116C, 
1176 (1914), and Annandalo and Prashad Rec. Ind. Mus. XVIJI, p. 59, pi. iii, fig. 11, 


EXPLANATION OF PLATE XH. 

Fossil UNiONm.® from India and Burma. 

LameUidens vredenbnrgi Prashad. 

Fig. 1.—Dorsal view of the type-specimen. X 14 
Fig. 2. —Ventral view of the same. X 14 

Indmaia glyptica Vredenburg and Prashad. 

Fig. 3,—Left valve of the type-specimen. 

Fig. 4.—Left valve of a young ^cimen. 

Fig. 6.—Left valve of a young specimen (X2), showing the umbonal 
sculpture. 

0 .—^Photograph of a young specimen* from above, showing the 
umbones and the ligament. 

Fig. 7.—Fragment of a right valve, showing the cardinal and a portion 
of the lateral teeth. 

Fig. 8 . —^Fragment of a left valve, showing the hinge. 

9 .—^ incomplete left valve, showing the lateral toptjif 
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ParreysMa kUouckei Vredenbiuig and Prashad. 

Fio. 10.—Left valve of the type-specimen. 

Fio. 11.—Left valve of a large specimen, showing the remains of sculp¬ 
ture. 

Flo. 12.—Left valve of a rather incomplete young specimen (X^K showing 
the sculpture on the surface. 

Fig, 13.—^Photograph of the type-specimen from above, showing the 
umbones and the ligament. 
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Unionid/Efrom the Miocene of Burma. By E. Vreden- 
BURG, Geological Survey of India AND B. Prashad, 
D.Sc., Zoological Survey of India, (with Plate 12, figs. 

I N the present communication, we deal with certain freshwater 
fossil Unionida' from Burma, specimens of which were some 
years ago for the first time forwarded for identification, to the 
Geological Survey of India by Mr. Macrorie. They were obtained 
from the Irrawadi Series amongst strata which are probably of 
uppermost miocene (pontian) age at Chaunggyauk (19° 42', 95° 24'). 
Latterly the locality was visited by Rao Bahadur Sethu Rama Rau, 
of the Geological Survey of India, who observed the same fossils 
both at this place and at Didokpin, about six miles north-west of 
Chaunggyauk, where the same fossiliferous bed reappears. 

At Chaunggyauk, the fossiliferous bed also contains in great 
abundance a large Melaniid which Dr. Annandale regards as a 
variety of the living Acrostoma variabile (Benson), one of the com¬ 
monest and most characteristic species amongst the freshwater 
gastropods of Burma. 

As the Chaunggyauk specimens include the first fossil Unionidee 
that have as yet been recorded from Burma, we have thought it 
desirable to describe them in order to facilitate future work on 
this interesting group of Indian Mollusca. We have further been 
led to this decision by the excellent condition of preservation of 
the fossils and of their sculpture, as also of the hinge-teeth of one 
of the forms. • 

Apart from some imperfectly known occurrences in the sub- 
Himalayan Siwaliks recorded by Forbes (in Falconer’s Palseontolo- 
gical Memoirs, Vol. I, p. 389), the only pre-quaternary geological 
formations that have so far yielded specimens of Unionidse in India, 
^are the Intertrappeans, of uppermost cretaceous age, in the Penin¬ 
sula^ and the lower miocene Bugti-beds of Baluchistan.^ In neither 
case do the fossils resemble the Burmese specimens, but the exact 

‘ See Hislop, Quart, Joum, Qeol, 8oc,^ London, XVI, pp. 174—170, pi. VI, figs. 24 
B-c and PI. VII, figs. 26, 27 s-o ; 28, and the references oit^ therein (1860). 

•Blanford, Mem. Oeol. Surv. Ind., XX, pp. 132-136, PI. I, figs. 8, 9, 10—13, PL II, 
figs. 1—3, PI. Ill, figs. 1—4 (1883). 
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generic position of the Peninsular and Baluchistan fossils needs 
^vision in the light of the extensive work of Simpson^ and others 
on the living Indian UnionidfiB. 

The Burmese fossils are referable to two species of the genera 
Indonaia Prashad^ and Parreyssia Conrad®. Both these genera 
are represented in India and Burma by a fair number of living 
species. The two fossil species, although allied to some of the 
living forms, appear to be new, and are hete described as Indonaia 
glyptica and Parreyssia laUmchei. Their exact relationships are 
discussed in the remarks at the .end of the descriptions of the 
species. 

Indonaia glyptica sp. nov. 

PI. XII, figs. 3—9. 

DescrtjAion ,—Shell of small dimensions, thick, inflated, very 
inequilateral, posteriorly elongate and with a very narrow posterior 
wing. Umbonal region very anteriorly situated, high, somewhat 
compressed. In addition to numerous concentric ridges or folds^ 
which alone remain visible when the outer surface is somewhat 
weathered, the valves of well preserved specimens are almost entirely 
covered with two interfering sets of steeply oblique crowded narrow 
ribs, producing a characteristic criss-cross pattern, such as is often 
observed in the Unionidse. The posterior wing carries a third set 
of oblique markings disposed differently from the two other sets. 
Anterior end narrowed and rounded. Base line nearly straight, 
curving up sharply posteriorly somewhat behind the middle to 
form the nearly pointed posterior end. The hinge is preserved 
in some otherwise incomplete fragments and the following descrip¬ 
tion is drawn from these specimens: in the right valve the pseudo- 
cardinal is single, thick, roughly triangular, with a distinctly rugose 
appearance; the lateral appears as a slightly arched lamellar ridge. 
In the left valve, the pseudocardinal is more massive and distinctly 
divided into two parts, an anterior, nearly smooth, thin one, and a 
posterior, rather deeply ridged, more massive posterior tooth; the 
lateral, in this valve, also appears to be single. The muscle-scars 
are circular to ovoid and deeply impressed. 

^ Simpaon, Dwriptive Gatsl^e Naiadea, Detroit, Michigan (1914). 

*Flraahad, Bee. Ind. TiV, pp. 146-^-148, fig. 2 (1918). 

>Coazad, Proe Nat. Set. ^ladelffiiia, VI. p. 267 (1858) and Preston, Femn, 
Brtt.-Jn4. Frsskw. 155 (191<9, ^ 
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Dmensiotu .—^Amongst the epeoimens at present available, the 
largest dimensions are those of a single left valve wMob measures 
46 X 28 mm. This size is quite exceptional, none of the other 
specimens exceeding 39 mm. in length. Amongst the specimens 
with united valves exhibiting the shape of the shell in a good state 
of preservation, the largest shell gave the following measurements: 
length 39 mm. height 24 mm. thickness 17 mm. The dimensions 
of the specimen shown in fig. 4 are: length 31 mm. height 18 mm. 
thickness 12 mm. The separate valve represented in fig. 9, whose 
shape is somewhat more elongate, measures 35 mm. in length and 
19 mm. in height. 

Remarks .—^The above-described species is closely related to 
Inionaia crispata (Gould), which has a wide range in Burma, Siam 
and Cambodia. The sculpture of the fossil is, however, much 
finer, and the shape of the shell different. Moreover, the shell 
is much thicker in the fossil species than in Indonaia crispata. 

Pabbeyssia latouchei sp. nov. 

PI. XII, figs. 10—13. 

Description .—Shell of medium size, moderately elongate, rather 
inflated, approximately triangular in lateral outline, with a very 
pronounced ridge separating off a 'narrow posterior wing. This 
ridge extends from the anteriorly situated umb6 to the pronounced 
posterior lower angle, above which the marginal outline exhibits 
two more very obtuse angular bends corresponding with the termi¬ 
nations of two very obscure keels or swellings that occupy the 
narrow surface of the posterior wing. From the anterior part of 
the hinge to the posterior angle, the anterior and inferior margin 
of the valves forms a continuously convex curve, except for an 
exceedingly shallow sinus just in front of the posterior angle. An 
extremely shallow depression of the surface of the valves borders 
the posterior ridge ^m this sinus to the umbo. Posteriorly to 
the umbo, the external ligament occupies a narrow, elongate, deeply 
sunken escutcheon, the surface of attachment being bordered inter¬ 
nally by a narrow prominent ridge. 

The valves bear concentric ridges or furrows at iir^^ular inter¬ 
vals, representing successive periods of growth, and are otherwise 
untHcnamented, except in the umbonal region, which faintly exhibits 
the oharaoteristio oonrugated lattice frequently seen in the Unionida; 

» 2 
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this feature being especially distinct in well-preserved juvenile 
q>ecimens. 

Dimensions .—^The following are the measurements of the figured 
specimen which appears to be full-grown and which has the valves 


united : 

mm. 

Length 44 

Height.. * * . 32 

Thickness.22 


Comparison with other species .—The nearest allies to this fossil 
appear to be certain recent species from the Indian and Indo-Malay 
regions, such as the common species of Bengal, Parreyssia favidens 
(Benson),^ and Parreyssia tavoyensis (Gould),^ from Tenasserim and 
Burma. The similarity in shape between P. latouchei and P. 
favidens is very close, but the fossil species has the anterior region 
still shorter than the recent one. P. tavoyensis is practically identi¬ 
cal in shape, but has the posterior wing less distinctly marked ofE 
and the umbonal region and some part of the valves decorated with 
very definite criss-cross ridges, which are only feebly developed in 
the fossil specimens. The two species are probably very closely 
related. 

The explanation of Plate XII will be found on page 369. 


^ Preston, op. cit., p. 158, and Simpson, op. cit., pp. 1109, 1110. 
* Preston, op. cit., p. 166, and Simpson, op. cit., p. 1114. 
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Photogfaphs by A' Watktnson 

PSEUDO-CRYSTALS OF GRAPHITE. 

Fig 1. Photograph showing structure, X3. 

Figs 2-7 DifTerent types of Pseudo-Crystals. (Fig. 4. Shows a re-entrant angle,) 
Approximately natural size. 
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FIQ.Z BASAL SECTION SHOWING INTERSECTION FIG. 3. PRISMATIC SECTION. Ordinrry light X 48 
OF THE CLEAVAGES. Ordinary light X 48. 
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SULPHURETTED HYDROGEN NEAR MOSUL.* 
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GROWTH OF AN EFFLORESCENCE OF CERIUM SULPHATE ON THE SURFACE OF A 
SPECIMEN OF TRAVANCORE GRAPHITE <m««niflsd times). 
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TERTIARY MOLLU8CA FROM THE QARO HILLS. 
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